“Calhoun 


Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1947-05 


Naval communications systems 


Spear, Louis Piollet 


Annapolis, Maryland; Naval Postgraduate School 
http://hdl.handle.net/10945/30401 


Downloaded from NPS Archive: Calhoun 


8 D U DLEY Calhoun is a project of the Dudley Knox Library at NPS, furthering the precepts and 
A\\\ foals of open government and government transparency. All information contained 


MNT KN OX herein has been approved for release by the NPS Public Affairs Officer. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 


http://www.nps.edu/library Monterey, California USA 93943 


NAVAL COMMUNICATIONS SYSTEAS 


A Thesis 
u é.  Poctraduats Schaal 
Anncr Tid 
By 


Louis Piollet Spear 
Lieutenant Commander, USN 


May 1947 


NAVAL COMMUNICATIONS SYSTEMS 
A Thesis | 


Submitted to the Faculty of the 
Naval Postgraduate School 


in 
Partial Fulfilment of the Requirements 


for the Degree of Master of Soience 
in Engineering Electronics 


By ~ 
Louis Plollet Spear 
Lieutenant Commander, USN 


‘May 1947 


Approved: 
Dean of the Naval Postgraduate School 


“Gable of Contents 


I GENERAL ; 
1. Background = = «= = «© «© «© @ « 
‘2, Present Naval Practice -- «+ § 
3S. Possibilities of Modernization9 


II COMMUNICATION SYSTEMS 


Page 


1. Naval Communications = « « « 
2 Theory of Communication Nets 


IIZ COMMUNICATION CIRCUITS # & = « 
IV SYSTEMS ENGINEERING 


1. 


Transmiss io: 


2. Switch Engineering - 
3. Component Design - « 
4. Test and Maintenance 


V SYSTEM DESIGN 
: General Requirements 


e 


Ze 
Se 
4. 
5. 
6. 


System Design - 
Range of System 
Modulation « = «= 
Switching «+ « « 
Future Planning 


ne on 
st et 


theranr 


ete? 
#eet 
eet 


cd 


2. 


15 
21 


25 


VI CONCLUSIONS x ## BRR RRA R OB 
‘TABLE I 
BIBLIOGRAPHY 


42447. 


} 


LIST OF ILLUSTRATIONS 


Figure 
1. Basic Message Handling 


1(c¢ 


7 Pisce sig Circuit 
1(b) 4-wire Net 
Rewire Circuit - = « 


t 


1(a&) Four wire Switch Plan 
l(e) Switch Chart « « = = « 


ade 


12, 
“18, 


One Channel Coverage - < 
Three Channel Coverage 
Six Channel Coverage 


Direct Net «- - = « 


Tandem Net -— - a 


Direct Radio Net. - 
_ Half Duplex — ; 


“Direct Radio Net 


Full Duplex 
Tandem Radio Net = 


. * 


Single Station Relay - 


Multiple Station Relay 


5 ad 


- 


Noise vs Frequency (graph) - - 


C/N Ratio vs Frequency. (graph) 


NAVAL COMMUNICATIONS SYSTENS 


ABSTRACT. This paper attempts to determine the require- 
mente of communication systens in general, and naval 
conmmunicati ong specifically. Uniike commercial commun- 
ieations, naval system design must solve the problem of 
extreme speed without the loes of reliability, and ex- 
treme flexibility without overcomplicating operation or 
inereasins physical bulk. A eomparison is drawn between 
‘present naval communication practice and systems which 
are practically attainable if the potentialities of the 
commimication art are fully exploited. Althoush the 
field selested for thia paper is so broad that it is 
discussed, for the most part, in general terms, sone 
phases are treated in detail to illustrete the menner 
in which seemingly unimportant, detail affects overall 
aystem desian. The fundamental truths and relationships 
are emphasized, fer they then serve as aR point of de- 
parture into the more complicated reiIations of system 
details. Finally, the design requirements of a prae- 
tical intereship naval communication system are discussed 
and a solution offered as an example of system design. | 
The problem of cemmunication security, and the many 
special systems for obtainins security, ia purposely 


not discussed. 


HAVAL COZRUNICATICHS SYSTEMS 


I VESERAL 

1. sacksround | 
Radio was but ten years of age when the United 

States became involved in the First World Sar. In 1907 
UsSe Patent 841587 was obtained by Lee deFforest and the 
vacuum tube, which had been merely a laboratory toy of 
some interest, became the powerful tool which in forty 
years was tO cause a revolution in every fleld of human 
activity. By 1917 the infant radio had cut its teeth 
in disaster at sea and the electron art fas emerging as 
& full fledsed science in its om risht, with the con 
tinuins development and application of physicnl theory 
to the desisn of equipment. In that year, trans-oceanica 
telephony and radio broadcasting were being played with 
on an experimental basis, but for the most part radio- 
telegraphy was well intrenched in commercial and mili- 
tary practice, and the “brass pounder” ruled the radio 
vavelensths. 


In the two decades intervening between the First 
Forld War and the outbreak of the Second #orld War, radio 
commmications matured and expanded with the full force 
of mass research by the commercial communications labor- 


atories, employing hundreds and thousands of individual 


specialists, each contributing his small share to the 
total understanding. As the art expanded, the role of 
the individual. in this expsnsion became smaller and 
more specialized following the well established pattern 
of the growth of sctentific knowledge. The early ex- 
ferimenters were versatile fathers to their growing 
child, serving alike as desizner, builder, and operator. 
«at was atill possible for one mind to encompass complete- 
ly and understand the then limited field of radio and 
electronics. With growth, however, the functions of — 
research, design, and operation became separated amon; 
groupe of special interest and the operating functions 
became, in general, divided from the design function, 
with the operating intereats determining the pattern of 


development. 


fhe operator is concerned, not with thines, but 
with methods and the economic implications of those 
motheds. Under the compulsion of these sconomic consic~ 
erations, and under the guidance of the operating groups, 
commercial communications have increased in efficiency 
by exploiting new technical developments and putting 
them to work economically in transporting intelligence 
from place to pince. The old fashioned telesrapher has 
disappeared from commercial communication practice, 


being roplaced by the automatic telegraphers, «~ the 


egutomtiec Korse aystems, and the teleprinter. The new 
art of voice trananission has created systema opera~ 
tionally simpler than telecraphy, the radio-telephone, 
of which radio broadcasting is a branch. The even newer 
arte of television and facsimile have yet to prove then- 
selves economically in wide scale operation, being in 
many respects yet in the experimental and developmental 
stage. At every level in the rise of commercial commun 
ieations, new proposals have been meade and aubjected to 
the most searching examination from the operating view- 
point, for regardless of the ingenuity ef the technical 
desimn, the new proposals must compete with cther sys< 


tems on an economic basis. 


2. Present Vaval Practice 


There is no need te belabor the obvious. It is 
widely known that, commercially, radio communications 
have had a continuous record of progress and increased 
efficiency through the economic exploitation of the ad~« 
vances of physical research from the days of deForest's 
patent. It has been mentioned here only to provide a 


self evident contrast with naval communications. 


In the Second World far, though technical advance- 
tents hed been made in materiel far beyond that of World 
War I, the technique of handiing traffic had not advanced 


apace to utilize fully the new capacities developed in 
commercial practice during the intervening years, The 
fleet radio circuits were mamned in World tar I by the 
o1d professional telesrapher. World fer II recruited 
the amateurs, the "hems", to man the code circuits. The 
telegrapher has now disappeared and the amateur is turn- 
ing to the more exciting realm of phone. There is no 
longer any group in the United States that remains well 
versed and interested in telegraphy to serve as a pool 
of trained communication personnel if we persist in 
handling fleet traffic by manual code. There are clear- 
iy but two alternatives. The Navy can embark upon a 
program of system modernization desicned te simplify 
operations, or it can prepare to train personnel in cute 
moded ané difficult operational techniques for the next 
emergency. The former will sallow us to train a fer 
sroups in simple system practices; the second will re~« 
quire us to train large nunbers in complicated procedures 


and mechanical operations. 


Althoush the shere communtoation syatans have been 
modernized by the employment of commercial equipment and 
techniques, the sea going equipment. has seen little im- 
provement, systematically, Since the first days of radio. 
The day of sechanizetion has yet to come, and the great 
bulk of traffic 1s still handled by manual labor. 


Fleet communications pose a problem peculiar to 
‘Ateelf and unlike any met in commercial practice. ‘The 
problem is not so much one of seale, but of complexity. 
Commercial communications involve, for the most part, 
point to point circuitry with subsidiary switching prob- 
lemma to achieve flexibility. Fleet communications cire- 
cults are largely multi-point conference circuits, 
inherently more complicated than point to point. In 
addition, fleet circuits must be provided by radio, 
rather than wire, because of the water borne, mobile 
nature of the stations, and redio in iteslf imposes re- 
Btrictions upon systems desizn not encountered in the 


equivalent wire circuits. 


The speed of a communications system is measured, 
not alone in words-per-minute of transmission, but also 
in the elapsed time from originator to addressee. The 
true test of system speed must include time lost in prep-_ 
aration before transmission and processing after recep- 
tion. Any time during which the messaze lies idle in 
the channel from sender to receiver must be charged as 
undue delay to be eliminated. {he best system will have 
a uniform rate of traffic flow over ite entire length, 
and traffic will net pile up in the bottle neck of a 
slow traffic link. 


In present practice, the greatest delays do not 


occur between the sending key and the receiving head= 
phone, for even moderate sending speeds sre ususlly 
sufficient to clear waiting traffic on mest fleet cire 


cuits. The greatest delays cccur before transmission 


and after reception. fo real attempt has been made to 
extend the communication system to include the province 
of internal messazse handling before and after trans 
mission as an element ef the technical design problem 
for commumications equipment. It has not been suffi-+- 
ciently recognized that the communication system is a 
manemachine combination, and, in any auch system, the 
machine must be designed te comply with the limitations 
of the human element. In the early days cf radio, the 
capabilities of the man were superior to the machine he 
Operated and the human limitations were not evident. 
The demands of eodern neval communications are greater 
than the human operator can handle, and the machine has 
been developed technically toe the point where it can 
handle traffic mich faster than the mn. It is now time 
to design the machine to relieve the load on the human 


and thus increase the over all speed of the system. 


The operational steps in the communication channel 
are set forth in Figure 1. Actual systems may be more 
elaborate, but no system can have fewer operations #ith~ 


out some sacrifice to perforrance. The present province 
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of system design is that which concerns transmission and 
reception, the operations Within the dotted rectangle. 
fhe left hand diagram represents the present chain of 
message handling. The message leaves the originator and 
enters the communication system for filins, transcribing, 
and internal distribution. The movement from one opera= 
tion to the next is manual. Each operation represents 
_a fairly specialized function requiring personnel devote 
ing their entire attention to that operation and subject 
to the possibility of ever prevalent human error. The 
operation of encoding and check decoding entails the 
greatest delay and opportunity for error because of its 
complexity. 


At no point in this chain, after the message lenves 
the originator, ia there any operation that cannot be 
performed automatically by electronic or mechanical 
machinery, and performed faster and more accurately. The 
“installation of such equipment would serve the triple 
function of eliminating human error, improving the sys< 
tem speed by electrical operation end distribution, and, 
incidentally, eliminating thereby the need for a large 
staff of hishly trained operating personnel. The right 
“hand Line @iagram shows that, although none of the basic 
ateps are eliminated, most of the operations can be mech- 


anized and interconnected electrically. 


%. Possibilities of fodernization 


The teleprinter was developed commercially to re- 
piace the telezrapher and the manual message handling 
problem which he entailed. The input motivation ree 
quired for the teleprinter ia particularly adapted to 
the human operator. ‘There is no unusual problem preeen- 
ted by the teleprinter that cannot be mastered by the 
ordinary stenographer, or yeoman, in a very short time. 
™m fact, & person completely inexperienced as te typing 
technique can still operate the teleprinter faster than 
most telesgraphers can clear traffic with the Horse key. 
The output is in the form of electrical telegraphic im= 
pulses which automatically actuate all simkdler cachines 
connected on the same wire or radio link. Therein lies 
the sreateat virtue of the teleprinter; the ability to 
make a positive, direct record of the intellisence being 
tranamitted or received in many different stations at. 
once, making at the same time a nusber of copies for in- 
ternal distribution. This eliminetes the redundant op-~ 
erations ef transcribing and manusl distribution. in 
addition, the teleprinter lends itself admirably to the 
mechanical transpositions and substitutions required for 
machine coding and deccding which further permits the 
elimination of the redundant motione invcived in coding 
and check decoding. And lastiy, the intellicence from 
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one teleprinter may be recorded for automatic retrana~ 


mission or relay. 


It is readily evident that there is much to be 
gained by mechanization of the communication system. In 
every branch of engineering 1t ie well known that the 
humen element of & machine«-man combination is the weake 
ent and most susceptible te error when performing rep- 
etitious or monotonous operations. Fresent naval prac- 
tice requires personnel to spend many hours performing 
operations of duplication end monotonous repetition. 

The reception of the Yorse radio signale in a subjective 
recording operation and mist operate throush a human link 
With the attendant susceptibility to error from faticue. 
After recording, the meseage goes through several sub= 
sequent stages of transeription in deceding and internal 
distribution. And at no stage are the operations per 
formed in a positive, non-subjective manner which eline 


inates the chance cf humen error. 


(ne degree of human error present in any operation 
is a function of experience, complexity of the operation, 
the physical and mental condition of the human Tink, and 
environment. Experience is not a controllable factor in 
Wartice, for the press of mobilization will not always 


Allow adequate training of personnel in the many exacting 


iL 


duties of communications. Some operations lend them- 
selves nicely to human manipulation, ehile cthers are 
mechanically or psychically difficult for the human 
body to perform. These factors are partially control- 
lable if the system is designed with consideration for 
the adaptability to the human machine (and this provid- 
ing that the human aachine can be analysed sufficiently 
accurately as to its best modes of operation.} The 
physical and mental condition of the human sachine is 
an almost tncontrolliablse factor, for it is subject to 
many variable influences. Likewise, the environment is 
only partially controllable, for it is gedondaty to many 
other considerations, particularly on shipboard. 


It is evident, though, that if a mechanical or elec- 
trical aystem can be substituted for the very fallible 
huran, many of the problems of precurerent, training, 
and system error which the human element engenders, can 
be eliminated. The design and procurement of the neces- 
sary complicated equipment, and the training of competent 
persomel to service and raintain that equipment, does 
pose & separate problem, but a problem that can be solved 
in the leisure of peacetime cperations, and not under 
the press of national mobilization. Tt is probable that 
any future war will develop so rapidly as to preclude 
the opportunity to develop a competent cormunication 


personnel, and the trainins cannot be accomplished suc~ 
cessfully in peacetime. It is imperative that a program 
of survey and modernization be undertaken now, shen time 
is not of the essence, rather than to wait until a time 
of national crisis when 1t will become apparent that cur 
present concepts of systems design are too hopelessly 
inadequate and antiquated to cope with the rapid fire 


developmentea of modern warfare. 


The electrical system is designed within the trans 
work of natural laws, and these laws are, unlike the 
jlews of human behavior, constant and knowable. Con- 
sequently the machine system can be exactly controlled 
and varied to meet the requirements of the particular 
service, and sade independent cf undesirable factors. 
Such & system will be invariant, not only with widely 
varying operating conditions, but alec with time. Com- 
man teations represents a basic sccial relationship which 
is. independent of any special equipment used. The very 
basic concept of commmicaticns is te get intelligence 
from one person in one place to other persons in other 
places throush channels designed to overcome interven=- 
ing obstacles. It 19 immaterial to the intelligence 
how these channels are established as lions as they are 
capable cf handling the intelligence and overcoming the 
obstacles. If these channels sre once established, it 


should then be possible to alter the component design 
of the system olements, without the necessity of alter= 
ing the system design, if the end result of the opera- 
tion remains unaltered. Referring again to Figure I, 
it is evident that the component equipment at any single 
point of operation may be altered if the function of 
the equipment remiins unchanged. A basic system cen de 
built up, designed for the special sasatrenents of the 
naval service, which is invariant, but #ill allow for 
expansion and modernization without in any way effect<- 
ing the basic manner of operation. This is predicated 
upon the premise that the basic system is designed ac< 
cording to the needs of the service and within the 
limitations of the natural laws of engineering. It is 
first necessary to determine the requirements ef the 
service, and then to determine the natural technical 


limitations to fulfilling these requirements. 


TI CCHEUNICATICNS SYSTEMS 


1. Navel Communications 


It has been mentioned that cone of the distinguish- 
ing features cf naval communications is multiplicity. 
The orisinator seldom addresses his communication to 
one single activity, nor in the same messaze of the 
sane degree of importance to all addressees. That which 


is highly important to one party may be of only inform 
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ative interest to another. Also messases 4o-ane all 
have equal importance in their impact on the naval es~ 
tablishment. It is necessary that the various classes 
and levela of traffic be defined and classified accord- 
‘ing to the atructure of the navy itself. 


The exercise of effective naval command 1s depen= 
dent upon two factors; efficient organization and 
efficient communications. The naval commander obviously 
cannot hope to accomplish his task unless the forces 
under his command are efficiently organized and deployed 
towards that ane It 16 also clearly apparent that he 
cannot accomplish his task if he is unable to conmuni- 
eate his will to his command. The first aim of communi- 
cations is to serve naval command, and must always be 


subordinated to this purpose. 


Command is not the only function of the naval 
commander. Problems subordinate to his basic command 
problem are the complementary freedom of action problems 
involving security, logistics, training, intelligence, 
and communications itself. All of these probleme must 
be solved by the commander himself, and they cannot be 
implemented unless he can make his decisions known, not 
only within his command, but to all the coordinate and 
superior organizations with whom he must coordinate his 


decisions and actions. Thus logistics require the in- 


ba 
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terchange of information between the commander and the 
legistia agencies upon which he is dependent. Intelli- 
gence requires channels cf communications from the in« 
tellisence source to the commander. Communicetions 
involves the commander in complementary details of 
traffic handling and procedures within the limitations 
of the aystem equipment provided to him. The better 
the equipment with which he is to work, the better and 
more effective will be his handling of the other probe 
less in furthering his strategic or tactical sims. 


The communication requirements of a particular 
fresdom ef action sphere de not romain static, but vary 
with the nature of the operations which the conmander 
undertakes. It is therefore impractical to classify 


messages accordins te the operational functions of come 


mand, but it is rather nocessary to classify them as to 


(1) the administrative and cperational orzanizstion of 


command, and (2) the operational import of the messace 


itself, 


The five complementary functions of a naval come 
mander are subordinate to his command function, but 
situations often arise wherein the subordinate problems 
are of greater operational importance than any pending 


eommand problems. A messase to a flest unit at sea 


16 


directing it to obtain fuel and supplies at a certain 
base is a logistic order swith operational importance 
outwelghing the particular operations underway; for the 
operating units are ever dependent. upon their logistic 
train and carmot long operate without it. But to the 
logistic agency supplying the fuel, the messaze is of 


routine administrative importance. 


™m general, a division may be made of communication | 
traffic into two eategories. Messages that require some 
action or movement by naval units are classed as opera 
tional traffic. Other measases, which require no action 
of an operational nature, but merely notice of their con- 
tents, are classed as administrative traffic. All naval 
- traffic can be classed, with some degree of certainty, 
into one class or the other. The dividing line is not 
distinct, however, and the classification is often a 
question of experience and judgment rather than arbi- 
trary definition. Tha best teat Is usually that of the 
time element. Cperational traffic is sometimes defined 
as messases which require the movement of naval vessels 
within a specified pericd of time after receipt. Thus 
& movement order directing a ship to proceed from one 
Place to another within a few hours after receipt is 
definitely an operational messace, whereas a movement 


order directing such movement some days in the future 
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may wall be classed as adainistrative, thouzh it may 
well become operational as the day specified for the 
movement approaches. Likewise, a task foree commander 
operating at sen may signal his night maneuvre inten- 
tions some hours in advance, and the message could be 
handied as administrative traffic; but the same orders 
when issued minutes ahead of execution become opera= 
tional treffic of the most urgent tactical nature. It 
ig this tendency of messages to chance classification 
with time that makes navel systems design 4ifficult to 
analyze when determining channel allocations and trans< 
misnion priority. It is advantazeous to segregate ad-= 
ministrative and operational traffic for separate 
handling, but the secrecation is at beat impermanent 
and imperfect. 


The traffic pattern is bub partially determined by 
the above considerations. The communication channels 
should follow the command crzanization, for the normal 
flow of information and command is from superior to 
subordinate, with frequent intercourse between coordi- 
nate levele of command. The naval establishment is 
organized with a predominant line structure exercising 
command yertically throuzh successive echelons expand= 
ing downward. There is a collateral horizontal staff 


function of speclelizations, such as lozisticsa, 


medicine, technical engineering, lecal mattera, etc. 
which serve as service adjuncts to the line function. 
the naval organization is too complex to be dismissed 

in two lines, thoush these features are salient. There 
are vertical lines of administrative responsibility 
within the staff functions but the interchange of in- 
formation is carried on throucsh the Line function aa 

far as commimnications systems sare concerned, for it ia 
impractical to provide separate channels for the cemmand 


function and for each of the staff functions. 


There is no published study of neval communication 
traffic as to the crzanizational pattern with a break 
down aa to relative importance. But even though we can- 
not make any quantitative conclusions as to the traffic 
pattern, it is possible to make some general qualitative 


Yemarks ag to naval traffic. 


Traffic usually follows the operational line of 
comand, rather than the administrative line. In peace~ 
time operations, the cpereticnal and administrative 
lines of commend usually eccineide, but in wartime if is 
rere that the operational line is the sare as the admin= 
istrative line, for the cperating task forces are ore 
@anized on a functional rather than edministrative ox 
type basis. It has been mentioned that administrative 


traffic is usually not as preseing in time as is operae- 


tional treffic, and therefore such treffic is often 
nandied by systems of communication other than radio; 
4.¢. mail, messenger, etc. Thus the communication 
system will handle operntional traffic in a preponderate 
“proportion to the administrative traffic. This places 
a requirement of flexibility upon the system design, 

for the operational orsanization of a naval force ia 
fluid and subject to rapid change. 


Ag to the import, of the message itself, messages 
fall into two classes which have been described as op« 
erational and administrative, (applying to the nature 
of the message itself apart from the command origin). 

Tt has been mentioned that the division is usually made 
on 9 time basis, so that messages classed as operational 
are of hisher priority in transmission than administra~- 
tive weseszes. There is also a difference in the in« 
ternal message structure, Cperational messsgesa are 
usually short, peremptory commands giving specific ine 
structions or information and requiring definite action 
or prompt reply in acknowledgement. Administrative 
messages are usually lonser in nature, setting forth 
ideas in some detail, and not requiring immediate reply. 
Cperational traffic cannot generally wait upon admin- 
istrative traffic and the two should be kept in separate 


channels of communications, 
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_ There is one other consideration involved in an 
analysis of system organization. It has been determined 
thet there should be two channels of communications 
following the chain of sperationsal command. These chan- 
nels should not extend through the entire chain of 7 
command from the highest echelon to the lowest element, 
for it is undesirable to have all messages delivered 
in 211 echeliona indiacriminately for two reasons, First, 
each channel could then handle but one meseage at a time, 
and secondly, it may not be desireable, from a privacy 
and organizational viewpoint, te sake 211 the informa- 
tion contained in all the sessazes available to all the 
echelons. Cn the other hand, it, is equally undesirable 
to transmit measages from a hisher echelon to a lower 
echelon without passing through the intermediate levels 
of command. The chamnels, therefore, must not be con« 
tinuous, but must consist of discrete links which may. 
be Joined or disconnected at will to form the particu- 
dar distribution desired. The manner of connecting 
these linke and controlling them is a technical matter 
which wlll be discussed somewhst later. It is suffie 
cient for the present to point out that such an organ- 
izational separation can be made on a switching basis 
to permit the naval commander to establish channels to 
any part of his commend, or to all of it, as desired. 


21 


iskewise, channels to coordinate commands can be made 
integral with the common supericr commander so that he 
4s always kent informed of the lateral traffic within 


the comand. 


2. Theory of Communications Networks 

It is desirable to consider some of the general 
aspects of the basic technical nature of communications 
ag applied to naval communications before preceeding 


with detailed consideration of the component details. 


Communications is basically interccurse between 
people by meang of words, letters, pictures, etc. to 
convey ideas or information between individuals or 
Broups. Of the five humen senses, only the sense of 
hearing and the sense of sight are normally employed 
for communication purposes. Until modern times, com 
munications eoild only be carried on directly; either 
Viseaevin orally or by direct visual sisnals or message 
es. These forms of communications misht be clisssed as 
sensory; that is, detectable by the human senses. Sut 
when physical barriers prevent direct sensory commani=- 
sationa, resort must be msde to some other means of 
intercourse which are necessarily extra~sensory. Yodern 
technology has provided the extra-sensory communication 


media by which the physical barriers of distance or 


intervening obstacles may be overcome. The sensory 
matter is translated into the extra-senscry mediun, 
transmitted ever all barriers, received and then re- 
translated into the orizinsl sense. A eonsideration of 
the available extra-sensory transmission media indi- 
estes that the electro-masnetic wave is the most prom 
4sins of all the possibilities. They may be listed in 
order of merit. 

k. Radio, 

2. Yetallic wire. 

3. Modualted Licht. 

4, Infrared radiation. 

Se Ultra-sonics. 
Hetallic wire systems are generally not applicable in 
naval systema as the major link, but are used extensive= 
ly in shore neta, and as auxiliary circuits on ship 
deoard. The three subsequent media suffer handicaps of 
various degrees which preclude their use ae primary 
systems althoush they can still be used as adjunctea in 
special cireumatances. Their zreatest limitation is 
that of adequate PAnge, which is the greatest asset of 
radio as a transmission medium. The remainder of this 
_ paper will Aiscuse the technical aspects cf radio only 


&S & transmission medium in naval communication systema. 


It appears that a communication chamel is really 
& sort of pipeline into which intellizence, in familiar 


sensory forms, is placed, carried cver all the barriers 


of space and distance, and delivered to the addressee 
in the same sensory form in which it was tranemitted. 
It provides, in its hichest concept, an extension in 
space to the radius ef normal human intercourse. Fut 
practically, and undesirably, it also introduces an ex- 
tension in time as well; that is, intelligence is 
delivered, not instantly as in direct intercourse, but 
efter an appreciable delay in time. This delay is not 
directly attributable to the extra~sensory link itself, 
but to the precesaes attendant to preparing that link, 
preparing the intelligence into special forma required 
by the particular type of transmission, and upon recep- 
tion and distribution at the receiving station. In set- 
ting the channel up for transmission, contact must he | 
establ ished with the desired addressee, the circuit 
tested, and procedure acreed upon. Then the messase 
must be filed, transcribed, released, coded, checked, 
and finally transmitted with aimllar procedures obtain-= 


ins at the receiving end. 


This distortion in time is not present in direct 
forns of communicationa and represents an undesired ab- 
eration in the cormunication channel to be eliminated. 
Tt has heen pointed out that this aberation occurs, not 
because of any inherent insufficiency of the extra- 


sensory portion of the chamel, for traffic in this 
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portion of the chamel moves with the speed of light. 
The delay is caused rather by the mismatch of the channel 
terminations to the extraesensory link. There is, so 
to speak, an "insertion loss" at the points where the 
extra~sensory (radio) link joins te the human terminal 
link. This mismatch represents the different capabil~ 
Sties of the two parts of the manemachine combinations 
fhe machine is capable of suner-human speeds in trana- 
mission and performance of complex operationa, but the 
combination must be slowed to a speed consistent with 
the abilities of the human component. As in any trans 
mission problem, the ecolution is to remove the mismatch; 
in this case, to extend the machine portion cf the come 
bination to replece the humen elements. The channel 
should extend directly from the orisinator a11 the way 
to the sddressee(s). 


The next step in the analysis is, then, to examine 
the technical aspects of extending the machine to this 
end. Such an extension is not a simple matter for the 
machine lacks the one major asset of the human, the 
ability to think and reason. The human can act accord= 
ing toe advance tnowledzge of a situation and according 
to the reasoned dictates of the particular situation. 
The machine can only respond to a set ef orders sfter 


the receipt of the orders, and even then only within the 


framework of the designed functions of the machine. ¥or 
this reason, the machine must be built, in each case, 

to the particular requirements of the communication 
eystem it is to serve. The next sections will deal sith 


the basic building blocks of system design. 


- TIT COMMUNICATION CIRCUITS 
The rule has been stated that a communication 
eharmmel should in no way impede the free interchange cf 
intelligence among the several widely separated parties 
to that channel. Strictly interpreted, this means that 
the channel must be operated in full duplex with facil- 
ities for miltipling the connections. As #111 be seen, 
such a system is inherently extrevazgant of equipment 
and frequency spectrum, and, as a practical matter, it 
is desirable to approximate this dearee of service by 
systems less setenvaeane and expensive. The dexree to 
which this approximation may be carried, and still pro- 
vide a satisfactory system, ia s function of the type 


of service to be carried by the system. 


“the circuit of Fisure 1{a} represents the simplest 
of all communicatien circuits. It is essentially a 
broadcast syatem wherein all traffic is transmitted 
"blind" and received by a11 the parties to the circuit 


Without receipt or acknowledzenent. It is easily con= 
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nected in multiple, and requires little equipment. Its 
ehief disadvantage as a system is that it provides no 


reverse channel of cormunication. 


The next obvious step is to provide a reverse chan- 
nel in parallel to the one-way channel and thus form a 
two-way chamel. Pizure 1(b}) illustrates such a cire 
eulite This is a 4~wire full duplex circuit, and is the 
normal circuit for point-to-point radic circuits in beth 
commercial and military shore installations. ‘Traffic is 
sent in both directions simuitanecualy when used for 
telegraph circuits, or the terminations may be reduced 
to a @=wire circuit and ean for full duplex telephony. 
In fleet radio neta, the two-esy circuit is more often 
operated with both channels on the same frequency, for 
this circuit cannot be operated in multiple without an 


? 
excessive amount of equipment. The circuit then opera<« 


tea on a half duplex basis but with the possibility of 
employing break-in procedure, To operate a system in 

this manner requires a human asency at the terminating 
ends, for a machine cannot be built with the digcrimi~ 


nating qualities of the human oar. 


A more exhaustive exeninati on of the drawbacks of 
& 4Sewire circuit is warranted for a radio net is ine 


herently and ineseanably a 4-wire system and cannct be 


27 


— U 


Fi g. 4 (a) "One way” Circurt. 


we 


Fi J: 4 (b) 4-wire circuit. 


ue 


NO EQUIVALENT 
RADIO CIRCUIT. 


Fig. 4) 2-wire circurt, 
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reduced to a 2-wire circuit by any such means as serve 
ehen using metallic wire oircults. Figure llc) shows 
a @-wire motallic circuit for which there is no equi- 
valent radio circuit. This circuit 15 not actually 
used in wire plants for this purpose but represents the 
basic idea of reduction of a 4-wire circuit to two met- 
talic conductors. In wire plants, the capital outlay 
in the outside wire plant would be exhorbitent if some 
such reduction were not possible for not only would all 
loops have to be run with four conducting wires, but 
the switching problex in the terminals would be quite 
complicated. In the @-wire circuit, the eyatem is still 
operszted in full duplex, but the problems of inuretne: 
seitching end multiple connectiona are greatly simpli- 


fied at a grent anvine in equipment and money. 


tn this circuit, (Ficure ifc)) the anti-sidetone 
coils act as directional couplers at each station. The 
degree of Fev channel crosstalk is a function of the 
balance and return loss of the impedance net 2. This 
net, for zero cross channel coupling, must exactly 
match the line impedsnce both as to mazmnitude and phase 
at all transmission frequencies. It is not teo diffie 
cult to obtain an inpedarics networs of this kind which 
Will perform eatisfactortly at voice frequencies on 


Wire lines, but as the frequency goes up, it is 


inereasinaly difficult te obtain the requisite degree 
of mateh, and is nearly impossible to perform at radio 
frequencies, although some prozress is being made 
towards this end in the microwave region. 


Cn wire lines, the differential in power levels on 
the send and receive channels at one station amounts to 
only a few db so that the return loss of the direction~- 
al coupler need only be 20 or 30 db for satisfactory 
service. In radio, because of its low transmission ef-= 
ficiency as compared to @ wire line, thio power aiffi-- 
rential is of the order of 120-150 db and the return 
loss of the directional coupler for radio work would 
have to be 150 db or more to give adequate freedom from 
eross~channel moduaition. Such a loss ia unobtainable 
at present thouzh the dividends in research and develop- 
ment of such a de-coupler will be tremendous. It would 
then be possible te bring. to radio 611 the flexibility 
of wire circuits, using the same frequency for both 
transmitting and receiving in full duplex on the same 
antenna. Until such a device is developed, it is neces~ 
sary to develop the radio system desian according to 


the principles of 4ewire circuitry. 


A 4wwire mettalic circuit can be easily developed 


and built with full awiteching and multiple facilities. 


Figure 1(a) illustrates the basic switch plan for just 
four 4-wire tanden connected circuits which are to be 
so arransed that any two may connect without hindering 
the operation of the other circuits, or three or more 
eireulte may be connected in aultiple with full duplex. 
ALL parties on such a circuit my freely converse ex- 
actly as though they were all gathered together in one 
place. Actually, full duplex ia defined as a syoten 
which will allow transmission and receiption of messages 
over a cireuit Simultaneously. “hen a 4ewire tuo] | 
station circuit is multiped with a third station, the 

“ elreult losses its full duplex characteristic, for the 
two directions lose identity at the third station and 
will mutually interfere. This represents no handicap 
for voice conminications for it is entirely within the 
realm of ordirmary human experience that a third person. 
can understand nothing if two other people are shouting 
at one another and it 1s ordinarily expected that only 
one person shall talk ata time. This difficulty could 
be overcome by use of sultiplex principles with fre= 
quency separation of the channel directions, or by 
direct trunking, but tn either case the expense would 


be incommonsurate with the returns. 


Cn the switch frame of Fisure 1(d}, the number of 


switeh operations required to complete a call is: 


Receive 
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where n is number of atetions required to be intercon- 
nected. It ig noadily evident that the number of ope 
erations mounts to astronomical proportions with even 
moderate miltiple demmds and the problem of actually 
building a switch board ef this type would be most 
aifficult. | 


Por every switch that is closed, its conjuzate on 
the awitch chart (Figure 1(e)) must also be closed. 
fhen several circuita are to be interconnected, all 
awiten pointa having the desired channel numbers for 
both digitea must be closed. Thus, if chennel I is to 
be comected to chamel II, switch points 12 and 21 - 
mist be closed. If channels tp Il, end III are to be 
intercomected, then ewitchpointe le, 21, 13, 31, 23, 
and 32 must be closed. If one hundred stations are to 


be interconnected, 9900 awitch operations are necessary. 


To seneralize the switch frame into a radio net, 
it 4g neteasary merely to note that each. tie point on 
the crossbars is aquivalent te se radio transmitter, 
each emi teh point is equivalent to a radio receiver, 
and each vertical bue represents a separate operating 
frequency for the network. Thus, for a four station 


radio net operating in full duplex, there must be a 
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separate frequency for each station of the net, requir- 
ing four tranemitters and twelve receivers. This 1s. 
rather more equipment than te ordinarily justifiable 
for just four stations and, unlesa the requirements of 
‘ane comanidation service between them Justified this 
great outlay in equipment and monopoly of spectrun, | 
some compromise mode of sy eten operation cen usually be 


found less demandins of equipment. 


There is one interesting feature to be noted. The 
radio net is truly full duplex in operation and does 
not suffer the limitation of the equivalent metallic 
wire set. Traffic may be sent simultaneously between 
ail stations without any Limitations of interference. 
This 1s one of the advantages of rsdio nets; that the 
very nature of radio is a frequency diacrininating 
principle which in itself constitutes a vast directly 


trunted system. Thus the equivalent toe a new wire line 


can be established by a mere twist of the dial. ‘¥hereas 


in a wire plant, the cost of erecting and maintaining 
a wire line may be considerable, the radio line is 

' *“wiree-less” and ceats nothing. The discussion is now . 
trespassins upon that region reserved for a later sec~ 
tion and will be developed more fully in the consider- 


ation of trunkins problems. 


There are a number of ways in which the size and 
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expense of a 4~wire radio net may be avoided and yet 


retain most of the advantages. 


Cne method is the familiar push-to-talk procedure 
of the police, sirway, and military nets. This is a 
half duplex system; for messages can be transmitted in 
but one direction at a tine. To reverse the direction 
of traffic it is necessary to alter the circuit confis- 
uration by a positive action of the operator. This 
system tc very economical of equipment and frequencies 
but ata sacrifice to traffic handling capacity. Ina 
true full duplex system cperating on a 4-wire baaia, 
the amount of traffic handled at any one station in the 
net (the teotel of incemins and outzoins nessaces) is 
ejunl to the number of stations in the nete In the 
push=to-talk aysten, the net can handle but one messaze 


ata time, for all stations share a common frequency. 


The push-to-talk circuit is the nearest equivalent 
to 2-wire metallic net that exists in radio. The de- 
couplinz function of the hybrid coil is replaced by a 
transfer relay which alternately eennects first the 
receiver ana then the transmitter according to the will 
of the operator. It thus has most of the advantages of 
S-wire systems with two very Important drawbacks. 


First, when a station is transmitting, 1t cannot receive 
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too, and there is no way of breaking in on a cirouit 
until the sending station releases 1t. Second, the op- 
eration of the transfer relay by a gushsbutten ta ine 
convenient and awkward. There are systens whereby the 
transfer is accomplished by voice operated devices 
which sutomatically transfer the send-receive function 
when a speaker starts to talk. These systems are 90 
larse and clumsy that they are generally not used if it 
ean be avoided. Sut in all other respects, the push~ 
to-talk technique offers all the advantages of connec~ 
ting simplicity and economy inherent in the 2enire 
system. The traffic handling characteristic could be 
improved by use cf high speed telegraphy, or by provid- 
ing miltiple independent cham els. 


The TDZHR OZ UEF. equipment represents an attempt 
to improve the traffic capacity. of the push-to-talk 


circuit by the provision of a number of separate chan~ 


nels which may be selected optionally by a dial selector 


device. “hile such a system will improve the overall 
network capscity, it is really little better than a 
single channel aystem as far as the individual stations 
are concerned; for they still heave Hub one traffic 
carrying channel available st a time, (unless, of . 
course, equipment is duplicated, in which case the 


system losen its economic advantage). If, within a 
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given net, ali traffic is equally dietributed amont the 
atations, both as to sendin= and receiving, this methed 
of increasing traffic capacity will be satisfactory; 
but as soon.as the circuit becomes unbelanced and all 
traffic tenda to gravitate towards one particular sta- 
tion, all the advantage of multichannel operation. are 
lost. Thus if within a ten station net, five of the 
stationa orizinate traffic addressed, ane each, to the 
other five stations, the traffic may be cleared sinul- 
taneously on five different channels. fut if nine of 
the stations all originate traffic addressed to the one | 
remining otation, the net micht just aa well have but 
one channel. ‘The difficulty is, of course, that the 

_ €DZ-RDZ equipment has ten ehanneie aveileablie which are 
mutually exclusive, while what is needed to improve the 


push-to-talk traffic capacity is to have all channels 


available simlteneously to all stations. This involves 


consideration of an adequate terminal system to control 
the net, for the problem of coordinating and control~ 
Ling the communication activity of, say, thirty 
stations on ten different charmmels would be of super- 


human proper tions. 


With but little desian effort and slischt expense, 
the control and circuit discipline features of commun- 


ication system can be built directly into the syaten. 


aT 


It takes experienced, well trainea personnel to maintein 
circult discipline on a crowded heavily loaded circuit. 
Tf instead of dependinz on human discipline and traine 
ins to maintain order on the network, the equipment is 
s0 designed that a communication error cannot be nade 
by the operating personel, a large step will have been 
taken towards eliminating the need for trained person- 
nel. It must constantly be borne in mind thet one of 
the major aims of system desig is to permit the opera- 
tion of the system by inexperienced persormel with 
little comnunicaticon background. The system must be so 
simple that any tyro can operate it, yet at the. sane 
time it suet be foolproof so as net te upset the systen 


in ease of errcr. 


Tt may be argued that manpower ig cheap and there 
ig no need to design expensive autometic equipment to 
‘do that which anybedy can learn to do with time. we 
have paid the price for that attitude in the past with 
snarled comumnications, lost traffic, and ineffective 
operations. There are times when a message is of no 
uge if it camot be sent in seconds, and there is no 
time then to hunt for charmels or beg for priority. 

The equipment must be inherently able to find or create 
a clear channel whenever needed, and cniy s machine 


ean do itt fast enough. 


‘The T7S was the workhorse eddhvesat oe the paat 
war and did yeoman duty as o fleet tactical circuit. 
It had, howaver, tec glaring faults, not from the 
equipment desian viewpoint, but from the system design 
aspect. The trancmitter was, in the normal idle con= 
dition, completely deenergized and required about 
thirty seconds warmeup befcere it could be used. This 
delay proved unacceptible under operating conditions 
and the transmitter was often kept in continuous satand- 
by, a condition for which the equipment was not desien« 
ed, with sudsequent maintenance troubles in the power 
units. A design alteration was finally made which 
allowed instant operation without warm=up. 4 more 
Serious defect was the absence of lock-out to prevent 
interference by undisciplined transnissionge hen two 
stations are transmittins on a push-to-talk net, 
neither station is monitering the transmission and is 
thus not aware of the interference. The result is that 
both transmissions are mutually garbled. The answer is 
lockout device which will not allow more than one sta- 
tion on the air at a time. Even in very urgent cases, 
it is usually less confusing to allow current traffic © 
to be completed rather than trying to interrupt the 
traffic. In a push-to-talk cirouit, there is ne: hope 


of interrupting existing traffic anyway so it would be 
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far better to prevent destruction of that traffic by 
attempts to breakein, Such a device was nover built 
into the TS system although its inclusion would have 


been a very simple matter. 


_ The simplest type of communication net is the 

broadcast network. The transmitting station sends 

“one-way” without requiring or waiting for anaver or 
acknowledgement. Pigure € illustrates the sicplest 
feature of a broadcast system. Sinee only ene transmit- 
ter is used, the entire srea is covered by but one chan- 
nel, and station 4 must share the sane incoming channel 
with stations B and ¢. This means that station 4 must 
guard and copy all traffic, even that addressed to § or 
€. in order not to miss any traffic addressed to Ae 
Thies represents waste time as far as A is concerned, 
both in man power and equipment, and should be elimina- 
ted. Figure 3 Slilustrates three channel coverass of 
the same area wherein three low power atations handle 
the traffic on a basis of geographic distribution of ad- 
dressees. This method may be termed as space channel- 
ing, for the stations are widely separated and may (or 
may not) operate on the same common frequency. Sith 
this coverase the three receiving stations will receive 
only traffic addressed to them and the system capacity 
ie tripted. 
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tf the transmitting stations are geosraphically 
separated and operate on separate frequency channels as 
well, generous overlap may be established giving com 
plete coveraze to a large erea of mobile operations. 
The mobile stations now need to chanse frequency as 
they pase from one area to another, but this is noe 
great handicap. The principles of space channeling and 


frequency channelins could be carried out reductio ad 


absurdum to the extent that each little area will have 
a separate shennel for traffic delivery and no station 
will ever receive traffic net addressed to it. Figure 4 
represents six channels covering the same are of Figure 


@ giving a sixfold traffic capacity to the system. 


There are definite tactical and strategic drau- 
backs to multichannel brosdcast systeme. First, space 
charmelins will, by methods ef traffic analysis, reveal 
the geographic distribution of the meblile units. Sec- 
ondly, frequency channeling, will reveal the operationsl 
organization of the mobile units. {Assuming that the 
frequency chennels are assigned on an organizational 
basis.) It could equally be argued that, with modern — 
methods of recomaisance and intellixzence, these matters 
ara riot secure from enemy detection anyway. Severthe- 
less, there ig no need to make it easier for the enemy 


to determine these matters and seme basis for shannel ing 
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which would conceal these facte should be devised. The 
possibilities of greater traffic handling as azainst 
the possible disadvanteses of decreased security must 
be balanced. With judicial design and operation there 
should be no loss of security involved and the advantag- 


es will far outweish the dissavantages, 


ne basic principle of systems desisn is here il+ 
lustrated. from the economy and security viewpoint, 
one centrally lccated powerful station is the best for 
broadcast service. From the aspect of traffic capacity 
and speed, numerous small low powered stations are ree. 
quired. The two are not reconcilable except on a com- 
promige basis. This basic principle is equally appli- 


cable in other services but net so readily evident. 


The greatest volume of traffic, both commercially 
and militarily, is carried in point-to-point networks. 
Such circuits are established under very stable opera- 
ting conditions and are ideally suited te the employment 
ef all the technical tools available to the communica 


tions ensineer. 


®ith the cutbreak of war, the point-to-point naval 
commmication net was the first to fecl the weight of 
the growing traffic, for all fleet and shore establish- 


ment traffic eventuslly passes throush seme point-to-= 
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point trunk for ultimate delivery. Censeguently, the 
“point-to-point nets received the full attention of the 
communications experts while the fleet communication 
problem went begging. There are ne particularly diffi- 
cult aystem problems in point-teenroint communications and 
it offers the greatest scope to the ensineer in multi- 
plex and high speed techniques. ‘The greatest problens 
involve trunking patterne and channel efficiency. 


Phen it becomes neseesary to provide connections 
between many stations, there are but two cays theae con- 
nections can be rade; either direct or in tandem. Fizg- 
ure 5 demonstrates the large nucber of trunk connections 
needed for direct trunking. Figure 6 illustrates the 
alternative form of trunking wherein all ctations are 
switched throuch a central control station ¢. in prac- 
tice, a combination of direct and tandem trunking is 
employed in conformity with a General Switch Plan baged 
on study of traffic experience. In general, large 
centralp having large volumes of traffic are directly 
trunked and the sualler centrala required to tandem 


connect throuch the larser ones. 


The tandem net has the advantaze of employing a 
fever number of more efficient trunks, but suffers in 


that traffic at the central station is in competition 


Fic¢.6 Tandem Net 
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for any particular trunk which reduces the traffic 
handling ability of the syster. Also each station is 
entirely dependent upon one trunk line, which, if des< 
troyed, Will isolate that statioen from the net. A 
direct net is more expensive but has the advantsze of 
greater traffic capacity than a tandem net. It has been 
pointed cut that a radio net is inherently a directly 
connected ayetem for if costs nothing to breadcast to 
several stations at once, whereas in the equivalent 
wire nets each station must be comnected with a separate 
pair of metallic conductors. Thus a radio net can ene 
joz all the advantages of direct trunking without the 
added eost to the cuteide plant, and the tandem trunk 


péssibilities can be reserved for relsy communications. 


“Where is a definite limit to the nusber of times 
& eireutt may be tandem trunked without excessive de~ 
gradation, unleas the intelli sence cen be resenernted 
in the tandem central, Each connection of the cir- 
cuit will add a certain amount of noise to the circuit 
until finally the signal-to-noise ratio will be un-_ 
acceptable. Generally, if the overall circuit loss 
exceeds 30 db, the circuit merit will become marginel, 
and this determines, in conjunction with the less per 


SEEHOR ESCH s the nurber of connections that ay be made. 


Provisions for relay connection require the nost 
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rigid overall enzgineerins standards, for all circuits 
must be able to interconnect without reacting adversely 
on the other connections in the circuit. A circuit 
from A to 8 may be entirely satisfactory, and Linewtes 
for a loop from 8 to ¢, but, unless overall engineering 
stendards of a high quality are maintained over the en= 
tire system, a tandem connection of A to ¢ through B 


may be unacceptable. 


If noise considerations determine that the maximum 
tandem loss cannot exceed 30 db, and 1% ig desired that _ 
it, should be poszible to rake four tandem connections, ey 
the loss of each trunk cannot exceed 6 db. ‘Thus in any 
relay net, the quelity of each trunk must far exceed the 
permissable standard of the overall relay, both as to 
bandwidth and loss. And further, these standards will 
have to be maintained with unrelentins attention 
throushout the network, for if even one dart cf the 
circuit is substandard, the entire connection will be 


rendered unacceptable. 


Figures 7, 8, 9, 10, and 11 are self evident il- 
lustrations of radio neta employing various trunk plans. 
Fisure 7 representa the plan of the common push-to-talk 
net with several channels available common to all the 


- stations. Figure 8 is a full duplex circuit. ote that 


- 
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there must be as many frequencies employed as there are 
stations in operation, if there is to be no mutual in- 
terference. Figure 9 shows a tandem radio net in full 
duplex. Agein note that there are as many frequencies 
employed as there are stations in the net, ailthouzh 
here there. is but one channel. It ia inherent and 
axiomatic that there must be as many frequencies employ- 
ed in full duplex operation as there are stations te be 


served. att 


Figure 10 is a single station relay net. It cannot 
be extended any further than se shown, and if a further 
systen extension ig required, it must be obtained by 
some such relay system as igure pe (although it may be 
extended by connecting BS to another link employing tro 


other frequencies.) 


After this elementary consideration of comrunica=- 
tion circuits, it is time to consider seme of the more 


detailed techniasl aspects of systems Mgineering. 


Ty SYSTEMS ENGINEERING 
Systems enzineerins divides naturally into two 
major provinces; those of transmission engineering and 
of switch ensineering. The former has as ite field all 
the considerations of traffic, trunking, line levels, 


amplifier gains and circuit losses, crosstalk, multiplex 
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Operations, etce or in short, all the forces that move 
traffic in the communication network. Switching must 
arranse for signalling, selection, controllinz, super= 
vising, guarding, and all the functions which cuide 
traffic in the system. The concept of transmission ta. 
familisr to anyone connected with radio communications, 
tut the concept of awitehing is one that has srown 
aimost entirely from the art of telephony. The tele= 
phone companies early renlized that to make the tele=- 
phone economically feasible it muat be 80 simple as to 
require no experience or technical training to operate 
it, and it must be so inexpensive that everyone could 
afford to use ita The problem of switching is inherent 
. in the telephone system, and if it were to be done on 
an entirely manual basis, the operating staff would be 
so large as to make the cost incommensurate to the qual- 
ity of service that could be rendered. The cost aspect 
was early understood and the invention of the autoratic 
telephone switch system followed that of the telephone 


itself by only three years. 


This paper is basically concerned with the idea 
that syatems engineering has not peen fully exploited 
and applied to naval communications, particularly the 
aspects of enteolies selection and switching, and auto- 


matie traffic handling in fleet circuits. 


1. Transmission 

The most fundamental problem of radio comnunica= 
tions is that of propogation and reliable range. The 
definition of reliable ranze is necessarily an arbie 
trary one for it is dependent upon what is considered a 
satisfactory signal level. At a given range, an ade= 
quate Sisnal Level for one type of service or equipment 


may be entirely inadequate for ancther. 


The characteristics of radio propogation are well 2 
known and voluminous data have heen obtained on propo- 
gation at nearly all frequencies. "or purpeses of 
system design, the apectrum may be divided inte three 
essential bands. 


1. Low *requencies. (1.5 mag. and below) Basic 


proposation is cf the grounc wave which suffers 
but low attenuation. Ranze (for a given field 
‘atrength) varies directly as the square root of 
the power and inversely to the frequency. Prop- — 
ozation is tut Little affected by {onosphere 
condition or solar activity. Field ie resark~ 
ably steady and free from fade particularly at 
the very low frequencies. Hoige level is high= 
est in this band with a diurnsl and seasonal 
variation in intensity. 

2. Vediun and High Frequencies. (1.5 = 30 mese) 


Ground wave highly attenuated and little used 
except for short ranze low power systems. Sky= 
Wave proposnation is a complex function of fre« 
quency, inospheric condition, solar activity, 
relative geosraphical positions, ate. and rela 
tively independent of tranamitter pover. The 
field intensity is variable with distance and 
gub ject. to fade with time due to variable mul — 
tipath reflections from the loncaphere. 

3. VHF and une (30 mes. and above) The propozation 
characteristica of the radio wave sre quasi-~ 
optical and partially predictable by optical 
theory. The circuit coefficient is relatively 
Andependent ef all variables and remains cone 
stant within the service ares shich is deternin- 

>... @d@ as a proportionate function of the optical 
horizon. Field strength 1s independent of the 
fonospheric condition tut fade effects are some~ 
times experienced because of multipath reflec~ 


tions from the surface of the earth. 


Each band is inherently better able to provide 
some types of service better than the other bands. The 
low frequencies are better able to provide long range 
eireuits where reliability is paramount and cost consid~ 


eratione are secendsary. The higher. frequencies have 
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replaced the low frequencies for most of the long range 
point-to-point circuits because of the lower cost of the 
equipment and the fact that reliability can be made 
satisfactory by diveraity reception of the sekywave. 


fhe UHF and VHS bands are in the process of explor= 
ation and exploitation and provide extremely reliable 
and stable service for short range systems such as 
police networks, mobile communication nets, and short 
distance substitutes for wire links. The chief advan- 
tases of this dDand are the hish ateability and larze 
capacity of the clrauite provided as against the low 


eost and cempact size of the equipment. 


The demands for radio service keve so crowded the 
frequency spectrum that expansion has been required into 
the hisher and higher rances for more room. he fre= 
quency spectrum has a legarithmic structure which means 
that at the higher frequencies the availsble spectrum 
increases at an exponential rate. Since the spectrum 
denends of any particular service are independent of the 
operating frequency, more service channels can be pro~ 
vided in the same percentage band at the higher frequen- 
cies. A 1% band at 100 mes. can carry 1000 times as 
much traffic as a 1% band at 100 kes. ‘More important, 


perhaps, the band width of tuned circuits is a fixed 
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percentage ef the operating frequency. Thus the 6 me. 
bandwidth required for television 1s as easily obtained 
at 60 mes. as the Ske. band required for voice at 60 keSe, 
and at 4000 mea., we can easily put 480 voice charmels 
in the same percentase band width. For these #enauns 
the VHF - UHF bands are replacing the lower frequency 

: channels wherever the limited ranze is not a limiting 


factor. 


_ Sinee the range and usefulliness of a circuit is 
determined by its sicnel te noise ration, the major 
problem of transmission enzineering is to improve this 


factor, 


Radio noise may be divided into four classifica= 

tions, depending on orisin. 

1. Atmospheric noise. 

2.0 Cosmic noise, 

3. Vanemide noise. 

‘4 Receiver and antema noise. 
- Atmospherio noise is dominant below 1 mc. as & function 
of time, frequency, Seozraphic position, weather, and 
eengon of the year. Little has been done to reduce the 
effects of atmospheric noise althcush extensive studies 
are afoot toe davelon noise reducing circuits. The modu- 


lation systems which discriminate against atmespheric 


. 
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and man-made noise are practically operable only in the 
regions above 10 mc. and in that region atmospheric 
noise is of negligible importance, 


Coemic noise originates in outer space and represents a 


universal noise level at about «10 db (referred to 1. 
uv/n)}. “In the absence of manemade and atmospheric noise, 
cosmic noise represents an ultimate limit to system 
sensitivity. 

Yanemade noise ig the noise of civilicstion generated 

by electrical equipment and mach inery shich preduce noise 
radiation. tike industrial audio noise levels it can be 
reduced only by a concerted effort on the part of the 
designers of the offending equipment. for isolated 
stations, Buch as shipsa at sea, a2 real effort to reduce 
the electric moise level coul? pay resl dividens in in= 
creased circuit merit of the communications circuits. 
Yaremade noise is dominant in the ranse from 1 me. to 
about 500 me, | 


Receiver noise represents the internal random neise of 


resistors and vacuum tubes of the transmitting and re= 
celving equipment. This represents the most fertile 
field for salentific desisgn reduction of noise in com 
munication circuits but there are theoretical Limits to 
the amount of reduction that cen be accomplished. Com-= 


parisons of actual receivers are made to an ideal 
receiver having noise derived only from the antenna 


radiation resistance, the irreducible minimum. Soise - 
fisures for ordinarily scod reoel vara run from 10 db. 
{above ideal receiver noise) in the frequency range up. 
to 5600 mes., to 15 or 20 db, for receivers operating in 
‘the range cf 2000 mca. and. above, 


Moise reduction is an important aspect of systems 
engineering, for the one gim of syatem design is to ob- 
tain the best communications with the least amount of 
equipment. 4 10 ii.” Hpriwanehat cirevit noise figure 
4s equivalent to increasing tranamitter power by a fac- 
tor of 10, a saving not to be Lightly ignored. The 
minimum C/N ratio which produces a satisfactory commni- 


~~ sation circuit is 10 db. with a 20 or 25 db. ratio being 


required for cood quality circuits to carry voice, 


facsimile, ete. 


Since noise 1s proportionel to the square root of 
the band width, the best circuit hoise figure can be ob- 
tained with the narrow band services such as Vorse 
telegraphy and teleprinters. For modulators requiring 
a greater band width, such as voice, facsimiles, etes.s 
such apecial systems as single or assynetric side band 
modulation improve the ¢/N ratios over double eide band 


modulation by decreasing the pand width spectrum. Since 
noise is. generally distributed unifornally with frequancy 
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(within any smell band) and has an emplitude modulation 
charecteriatic, narreg band PU systema naturally dis~« 
criminate ageginst noise to a certain extent. The pulse 
modulstion systems, because of the hich pulse pesk 
porers employed and the techniques cf Limiting and clipe 
ping offer systems which inherently zive very high s/t 
ratios. The alternative to reducing nolse ia to ine 
crease the carrier (i.e. tranemitter) power. It is 
generally less costly te reduce noise than to build and 


operate larger trenemittera. 


~ The next most impertant aspect of transmission 
engineering is circuit atabllity. As oprosed to nolee, 
which is the problem of adequate circuit quality, sta=- 
bility ia the problem of maintaining the circuit con- 
nection and guarding against interference with or by 
ether circuits. Thie is for the most part a problem cf 
technical equipment design. Radic transmission involves 
the generation and radiation of electrical enersy of a 
Particusir frequency and receiving that particular free 
quency by a selective recelver.. The stability of the 
-circult #ill be . function of the stability of the trans- 
mitbing device as to frequency and power level, the 
efficiency of the transmitting medium, and the selectiv= 


ity and frequency stability of the recelving device. 


Frequency atabiility of both the transmitters and 
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receivers is determined by the technical aspects of cir~ 
cuit design subject to the restrictions of law and inter~ 
naticnal agreement. For the purposes of establishing 
order in the radic spectrum, the laws define the maximum 
inetability te be allowed in the various frequency bands 
but for many services greater than legal stability is 
required. Services that require great selectivity also 
require great atability for excessive frequency arift 
will destroy the circuit comecticn. he exact anount 
of drift to be allowed is determined by a complex con« 
sideration of aide band spectrum of the transmitted sig- 
nal, the selectivity characteristic of the radio 
receiver, and the amount of side band enerzy that can be 
lest before the intelligence contained in the side band 
4s seriously affected. In general, the erount of drift 
of either the transmitter or receiver cannot exceed one 
quarter of the receiver selective band before the intel- 
ligence is seriously impaired and it 1s usually neces= 
sary to maintain stability well below this limit. Thus 
if the transmitted spectrum is 10 ke. wide, and the 
“receiver has @ 10 ke. band width, the transmitter and 
receiver would have to be maintained on frequency within 
| about 1 ke. to maintain an adequate circuit merit. This 
degree of stability is more difficult to meintain the 


higher the operating frequency and will require @ relax- 
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ation in the receiver selectivity in order to maintain 
the connection. But to widen the receiver band width 

is to raise the noise level at the detector. An salter- 
native methed is to provide an automatic frequency con- 
trol davice on the receiver so that it will follow the 
transmitter in frequency drift. Either method is equally 
feasible and the choice must be made on the basia of the 
qual ity service desired, as against the considerations 


of cost and Bize of equipment. 


Aside from the problem of marely maintaining the 
comection, there is the more exacting probiem of pre= 
venting cross channel interference due to the instabil- 
ity and inadequate selectivity. The problem here is 
self explanatory. #ith frequency spectrun at &@ prenium, 
it is becoming increasingly important not to lese any of 
the spectrum to excessive suard margins on the channels. 
It% is desirable to space the channels as closely to- 
gether as is consistent with channel stability and 
selectivity. The consequence of instability are here 
more serious than’in the previously considered circum- 
stance, for it involves interference with other channels 
as well as the loss of own channel. Cnee a channel 
allotment has been determined, it is imperative that the 
operating chamels remain within their assigned fre~ 


quency band. 


When operating a mitipoint net, stability is a 
very serious consideration. If one transmitter is send- 
ing to several receivers, 911 receivers must be kept on 
frequency with the transmitter, a more difficult problex 
than in direct point-to-point makes In fact, stability 


. has a very great bearing on the reliability of the cir-~ 


cuit for naval communications. 1f there is any question 
that even one station will fall to receive a MOSBAZE» 
the circuit is unreliable, so if one of the many sta- 
tions fails te caintain frequency, the entire system is 
discredited. 


There is another source ef cross chanel medula- 
tion which ts very difficult to eliminate; that due to 
spurious radiations and responses. these sre most 
seriously present in nets consisting of many stations 
in close proximity, for otherwise the effects are 
usually down 30 to 80 db. belcw the main nannies: depend- 
ing upon the particular equipmente Well designed trans- 
mitters will have spurious radiatione dow at least, 60 


ab. below the carrier, althcush more would be desirable. 


Receiver responses are a bit more complicated. 
Spurious responses are due to (1) image-frequency 
signals; (2) signals of intermediate frequency? (3) 


harmonics of the intermediate frequency generated by 
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the second detector; and (4) harmonics of the incoming 
Bignal generated in the converter tube. A receiver may 
have very zood aiscrimination azainat adjacent channel 
cross talk but may have spurious response due to one of 
the adove. A zood receiver will not respend to spurlous 
signals giving input voltages of 5-15 micro volts, 
depending upon the frequency. 


The entire problem of spurious responses and radina@- 
tions requires close attention by the syatems engineer 
neo lesa than by the equipment engineer. And there ‘are 
not only the spurious responses inherent in the equip- 
ment itself, but there are also external spurious 
signals, or “stay” noise, developed by nonlinear or 
rectifying connections in the vicinity of the receiving 
equipment, such se in conduit joints, osbles, Lizht 
wires, etc. which develcp all mamers of harmonic and 
beat frequencies. Thig is particularly evident in ship- 
board installationa where so much communications equip= 
ment ia concentrated into such a small space. The com 
munications systema desizgner cannot blithely select the 
few frequencies he will need and then ignore the multi- 
tude of parasitic radiations which he has conjured up. 


Cee the ensineer has selected the operating band 


for the particular communication system he is to build, 
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it 19 necessary that he decide upon the method of 
modulation he is to employ. From the systems viewpoint, 
the exact method cf performing the modulation is not ag 
important as determining the advantages and disadvan- 

’ tages, transmiasion-wise, of exch of the modulation 
processes in termes of transmission circuit constants. 

In Table TIT are appended some of the salient data on the 
transmiopsion characteristics of each of the modulator 
and modulation systems listed below. The basic bulld- 
ing blocks of radio transmission engineering may be set 


forth te show their relation, the one to the other. 


Sense Carrier vodulators Kodulation 
Sound Radio . Hand key Amplitude 
Sisht Wire Automatic Yorse frequency 
. (Laght) Facsimile Fhese 
{ Infra-red) Telephone - Pulse 
{Supersonics} Television &.position 
Teleprinter b.Rwidth 
cearplitude 
d.numbersa 


The criteria of excellence should be how faithfully does — 
each system tranomit information? how fast? how reli« 
ably? how much training ia required?, and how — will 
the equipment cost, in size and weisht, as well as 

money? The ideal communication system should approach . 
mental telepathy for economy of equipment, speed, and 
independence of physical barriers, thoush mentel tele- 
pathy leaves much to be desired aa to reliability. 


2. Switch msineering 
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Switeh enzinsering Is the second major province of 
systers engineering. As a branch of the electrical or 
electronic Bciences, it has bed littla wide Spread 
attention and has remained an escteric art, rather than 


an exact asience, until very recently. 


switching involves an almost infinite number of 
permutations and econbinations of the simple operation of 
cponing or closings 8 circuit by means of a switch. It 
.is the boast of the switch engineer that any complex 
series of operations can be performed automatically by 
electric relay circuits faster and nore accurately than 
by humans. And the operations need not bea confined to 
' the mere opening and clesing of switchea, but the 
processes ef hunting for and selecting the correct switch 
to be operated, ordinarily the domain of human operse- 
tion, can be performed automatically with less ‘alli- 
bility than the humen. im fact, ziven enough wire, 
relays, time, paper, and pencil, the awitch engineer 
ean desisn ea cirouit to perform any presct desired 

«,- 


sequence of operations. 


fherein lies the difficulty. The machine cannot 
think, and each operation it is to perform must be 
thousht out by the human desizner beforehand and built 
Anto the machine. <Any operation not previded by the 


designer cannot be performed by the machine, and the 


machine cameot react to unforeseen circumstances. 


The first problem of the designer is to determine 
exactly what his machine is to do, not in genersl terms, 
but in precise step-by-step analysis of the operations 
te be performed and the contingencies to be met. Then, 
and not until then, the designer cen sit dow and cale 
culate the relay circuits required to perform the steps. 


The first part of such a problem is not too diffe 
icult for it involves functional considerations of 
operating factors familiar to every engineer. ‘the 
aifficult part of the tack is the tmplenentation of 
these considerstions with actual equipment design. The 
avitch engineer has, in the pest, been a unique person- 
age of great ingenuity and inventiveness, attaining his 
aims by exhaustive detailed exenination of the problex 
and endless trial and error experimentation coupled 
with sen tencat rules derived from past experiences or 
inherited from former masters of the art. Like an art, 
it has remained more a craft than a sclence, until re- 
cently, when a systematic analysis of the art of switche 
ing han produced, by the methods of statistical mathe- 
matics, a set of rules which clearly define the cepa- 


bilities of any particular switch circuit. it is safe 
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to say that any desired sequence of operations can now 
be confidently provided by the switch engineer, which 
acain throws the problem back to the systems engineer 
te decide what is wanted in the way of automatic switch 
facilities. 

Since the machine cannot think, but can only provide 
a tranafer of skill from the experienced desizner to the 
. inexperienced cperator, it is manifestly impossible to 
require the machine to perform every possible operation 
required by unforgeeable circumstances. The tachine can 
only do that for which 1t was deaigned. This places a 
very strict Limitation on the flexibility of a By stem 
that is built entirely dependent upon the limitations of 
the machine. Sut a naval communication system must be 
flexiple above all. There must be provision for human 
direction and supervision. The human, it has been 
pointed out, hes just about reached the full limits cf 
his capability to provide direction to a complex com= 
somunicaticns cirauit. This is because he is required 
to perform many operations of discrimination ané 
selection of a routine nature leaving little time for 
attention to the unique problems cf communications. The 
machine can be a wéey valuable adjunct to the humen in 
the realm of the iterative operations of everyday 


routine, leaving the human free te sive nis: full atten=- 
tion to the pressing operational matters. 


_ &ne cf the major uses of switeh circuits is that 
of selection; that ts to pick out and comniect one of a 
multiple of possible comections. fhis cay be done in 
two ways; first, the selector may comnect to a circuit 
on the basis of a set of determinate orders from a 
. director mechanism, or secondly, it may connect in ac-« 
cordance with the requirement that the circuit to be 
connected must fulfill certain specific conditions. 

This second operation misht be called hunting or search- 
ing, for it 1s forward looking, as oppesed to selection, 
which is backward lecking. The two idesa are similar 
but to different ends. Selection may be used to ener~ 

: gize a particular circuit from a multiple, whereas 
search circuits will find the particular circuit of a 
taltiple that is enerzized. 


Switch circuits ery perform a multitade of funce 
tions such as holdins, locking, releasing, transfer=- 
ring, and interlocking which are useful in many ways. 
Tt is often desired that a certain circult confiaura- 
tion be gaintsined indefinitely until a certain signal 
is recel ved te break the connections. These are hold 
or lock circuits, depending upon how the cperation is 
performed. The disconnecting sSisnal then orisinates a 
release operst ion which breaks up the hold or lock cir- 


enuit. The interlock circuits may determine the exact 


 & 


nequence in which a complicated switch or transfer op- 
.@Yation will be performed and will not allow false or 
unwanted signals to operate the sequence, nor allow 


essential stena to be onitted. 


To proceed further is really fruitless for the 
number of possible functions whioh switch circuits may 
perform are infinite. It is not the intention of this 
paper to deseribe the art of awitch engineerins, but to 
mention the possibilities of the employment of switch 
engineering in naval communication circuits. The above 
mentioned operations are these of most interest in this 


discussion. 


The most fundamental requirement before designing 
an integrated communication system, is the determination 
of an overall plan of comection and interconnection, 
that is, an overall trunking plan. This will determine 
which atstions will be directly comectecd, snd which - 
will be tandem connected. Then it must be determined 
how these connections will be made, either automatically 
in response to enlling signals, or manually. The con- 
bination of the trunking and switching plans form a 
General Switching Plan by which all design considera- 
tions are governed. The switching aspect is paramount 


in radio nets for nearly all nets are directly trunked 


by the very nature of radio itself and the major ques- 


tion is then, how will the connections be made. 


Tt has been mentioned that autoratic terminal 
equipment Isexs many of the advantages of the manual 
terminal in terms of flexibility and complexity of 
equipment. on the other hand, automatic equipment ean 
perform its allotted duties faster and more accurately 
than the human can ao them manually. It would seem, 
therefore, that « judicious eombination of automatic 


ang manual would have most of the advantazes of both. 


To illustrate this point, consider a system having 
tan manarnks-<pmewiost ton chamelis 211 mutually avall- 
able to ail stations. It is desired that no circuit 
nay be broken or preempted by other calls when a call is 
already in progress. A searching mechaniam et the call- 
ing station is put into operation when the call is put 
up which testes all chamela and comects to the first 
free channel it finds. fhe mechanism will refuse to 
connect into a circuit in which a call is already in 
progress. After aclecting the channel, the sending op- 
erator may then send a series of calling signals which 
operate selection mechaniasa in all the other stations. 
When the prescribed set of sicnals are received by the 


called station, its selection mechanism will operate to 
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complete the connection while all other selection mech- | 


anisms will refuse to connect. The incoming call reula 
then be put upon a manuel board in the. called station 
enly end the call handled from there to the particular 
internal substation desired. The automatic portion of: 
the network tas done the necessary job of selecting and 
Ruarding the comnunication chammel yet the manusl opera- 
tion provides the necessary flexibility and humsn agency 


to handle the calls in an intelligent mamer. 


The requirements of a Jeneral Switching Plan are 
that all elements of the communication net be designed 
intesrally to perform in a certain standard, predeter~ 
mined manner. As leng as each element of the net 
eonforns toe these standards, they may be connected in 


any manner prescribed by the General Seitching Plan 
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without fear of providing inferior circuits. The crudest. 


allustration of this would be that it would not do for 
some stations to employ frequency modulation on their 
carriers while others employ amplitude modulation. This 
. example ia so blatant as te be ridiculous but there are 
other considerations more subtle that can cause as much 
trouble but are not so obvious. For inatence, s Jeneral 
Switch Plan would have to specify the modulation levela 
of the transmitters and the conversion loss of the 


receivers, for all stations must, within certain linits, 


provide the same signal level into the cenmunication 
channel. To fail in this specifleation would mean thet 
some stations would always be received better than | 
others, or that some stations would receive all stations 
poorly, due to improper adjustaent of the “Line” Levels. 
guch irrezularities in the circuit coefficients would 
epell the difference between uniformly good communica~ 
tions and erratic, unreliable communications. This 
.aifference may hinge upon very email aotalls. ‘¥hen @ 
net is completely manual in operation, the human element 
“may correct for many of the small errors that threaten 
to deatroy communications, and each connection may be 
made on its individual circumstance. Put when ea terni- 
nal’ 46 operated automatically, or even partially so, | 
the seemingly unimportant details cof the circuit must be 
risidly controlled if the system is to operate satis- 
factorily. To accomplish this sim, the denoral Switch 


Plan for the system mist be very complete and detailed. 


3. Component Resign 
This paper is not directly concerned with the 


aspects of component desisn except as itt affects the 
Operability and relinbility of the system as a whole. 
Needless to say, inferior equipment will render inferior 
service, Sut in a large communication net consisting 


of many diverse but interrelated components, the 
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Yeliability of the system is not even as good as the 
worst eoundutids reliability. A sood analozy may be 
made of the problem of equipment life as doteruined by 
vacuum tube life. If a piece of equipment has but one 
vacuum tube and it will last one thousand hours (assum- 
ing all other factors constant) the equipment will 
operate for one thousand hours without breakdcwn. Fut 
if the equipment has one thousand vacuum tubes, each 
mood for ons: thousand hours, the equipment is due to 
break down once every hour. The anslocy is apparent. 
Aa the size and complexity of an intezrated aystem in« 
creases, the reliability of the component parts must be 
increased proportionately if the overnll reliability is 


-to be maintained. 


Similar considerations are tre for maintenance cf 
syetem quality, as was discussed under the problem of 
tandem trunking. The capacity of each component Link 
of the system must be greater in terms of band width, 
"line" losa, and distortion than that of the overall 


system. 


4 Test and veintenance 
| Yeaintenance plays a very large part in all phases 
of engineering, for machinery cannot repair itself. For 


complete reliability, trouble must be corrected, not 


Th 


after it occurs, but before it cecursa. Incipient 
troubles camot normally be detested by ordinary opera=- 
tion of the syatem, but must be ferreted out by com- 
prehensive detailed test of the system components, item 


by item 


Since the general Switeh Plan determines the over- 
all operation, it will also determine the operating 
eonditicn of each of the componente With thie as a 
starting point, it is then possible to develop test. 
procedures to determine that each cf the component 
elements is performing according to specificationse fFur-— 
ther, if the system is thoroughly integrated, whole sec= 
tions may be given routine periodic tests which will 
’ quickly determines satisfactory condition of the section. 
These tests could be Ziven frequently and then, when 
trouble develops, the entire section can be tested unit 
by unit to isclate the trouble. 


Human nature being what it 1s, there is no use 
- having a test procedure that is awkward and inconvenient 
to employ, for then it will not be employed. The test 
equipment should be designed and built into the system 
ap an integral pert of the syatem and facilities provid- 
ed to make test procedure as easy and convenient as 


possible. The test equipment should be installed at one 
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position convenient te the operating personnel and test 
outlets provided at that position te all the crucial 

~ test points in the system. Thus a brief routine opera- 
tion at the test position will determine the opersting 
condition of the system and adjustment can inomediately 
be made to correct unsatisfactory sonditions. Too, when 
‘trouble develops, it can be quickly determined end 
isolated by use of the test board. 


Vo SYSTEM DESTGN 

2. General Requirerents | 

This section is intended to provide an example of 
the methods of syatem deaign es contrasted to the 
approach of technical desisn. It ia the credo of the 
modern schocls of architecture and allied branches of 
engineering, that form must follow function. In the 
past history of communication enzineering this mule hss 
beon practiced in reverse, for the technical desiznere 
are little informed as to the Particular requirenents 
of neval communications and have provided equipment with 
excellent technical design but which lnck the special 
features which make then especially adaptable to the 


naval organization. 


The first step of system design is to state the use 
to which the communication system is to be put. 


In intership communications, the problem of hande 
ling longs administrative messages is a difficult one. 
They are usually too long to be sent via the tactical 
circuits and too complex to be intrusted to voice trans- 


Mission, Visual means of communication are limited in 


range and in time. It is necessary that scene new method 


of rapidly disseminating administrative informaticn be 
devised that will not conflict with the existing tacti- 
cal circuits, which will have a lerge traffic handling 
capacity, arxi will reproduce the messases at the receive 


ing terminals in positive form 


In the absence cof definite statlatical information 
as to traffic experience, the following data will be 


assumed. 
1. Types of service - -« «= -+-=«-=-+= = = Teletype 
(In order of expected use) Facsimile 
¥Yoice 


_@ Averaze length of message « - = = 150 sroupe 


3. Baximum number of messages per 
Station served per hour = -« « « « 3 


4. Service area - - ~~ <= = - «+ =~ = 25 mile 
diameter — 


5. Relay extensions - «= <« -= «~~ = = 75 miles (two 
tandem con- 
nections} 

6. Cirevit quality (Carrier/Noise) -- 20 db 

T+ Winimum line level «= « « «== =+ = «= 47 AabaRN 


8. Maximum number of stations - - - - 25 
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Specificstions. Channels are to be provided in 
sufficient numbers so that, on the atatistical 
average, there will always be a chamel svailable 
for use. All charmels will be avallable te all 
stations in the system but will be used on a 
mutually exclusive basis; that is, privacy is to 
be provided and the chamiels sare to te invulner~ 
able to inadvertent preemption by other atations 
when in use by one station. (Privacy requires a 
selective calling system and automatic lockout of 
unwanted stations.) 

Teletype is to be the primary 
method cf communication with alternative provisions 
for facsimile and voice. Thess facilities are to 
be provided at s number of aubstations within each 
station. The internal distribution system is to be 
kept separate from the main interskip system 
through use of a manual board cormectinz from sub- 
system into the external system. The internal sys 
tem will thus be available for intraship communica- 
tions when net comected throush the manual board. 


ee ‘Bysten Desisn 
The number of chamels required for this system can 


be determined by the equation 


fio. OF Ave. length 
Ne = (stations) (of messaze_ 


Ye = (25) (513) = 3 and 3/4 (or 4) 


With four charmels, the system #111 handle all the 


traffie among twenty-five stations with the probability 
that there will always be one channel free. This is 
based, of course, upon the predicated traffic experience 
cutlined above, and if it develops thet the average 
length of. meseange ts longer than three minutes, or that 


during the busiest hours there are more messazes 


originated than assumed above, the system will have to 
be expanded to provide additional chamele. 


vor administrative traffic it is seldom necessary 
that the chamels be full duplex, for administrative 
Snenaaces usually develop ideas or disseminate plans and 
information in considerable deteil and do not invelve 
the rapid interchange of thought and commands required 
in tactical circuits. The channels can thus be “one~ 
way" or broadcast charmels, with one station using the 
chamiel exclusively for transmitting, and all others” 
remaining tn @ passive receiving condition on that 
‘chamel. The system will then have four frequencies, 
one for each channel, and each station will have facile 
“Stes for sending or receiving on all four chamels 


sSimitansoucly. 


for several reasons, it may be desirable that no 
one station be allowed to tranemit on two chearmels at 
once. One renson is technical in nature. <fith tyro 
‘transmitters operating in close proximity, the possi- 
bility of crosstalk and intermcdulation is increased 
with interference developing on other chennels. It is, 
fron a sy stenatie viewpoint, undesirable that one station 
should be able to "capture" more than one channel for 


this would decrease the number of channels thecretically 


ve 


available to other stations. As a matter of good 
practice, each station should be limited to the employ- 


gent of one channel at a time. This precludes the neces- 


sity of having four transmitters, and one transmitter 
per station will suffice, providing it is readily tun- . 
able to any of the four channel frequencies. 


| The eystem will take advantage of the direct trunk- 
ing feature of radio to cover the service area, but 
beyond the service area, resort must be mde te tanden 

. trunking, or relay. This can be done in several WSIS, 
but only one Will be described here as being the most 


satisfactory. 


Tt is not desirable that any of the charmel fre 
quencies used in the service aren be used for relay 
work, for this would reduce the number of available 
channels fer general service. Relay traffic should be | 
considerad as separate from general treffie for it is . 
net charceable to the meesaze count within the service 
area when taking data for traffic experience. Thus the 
figure of three messaxes per station per busiest hour is 
exclusive of relay traffic, for this traffic dees not 
exist as part of the general srea traffic, but ia really 


awitch-throush traffic. 


Referring back to Fizure 11, it is seen that the 


game two frequencies are used in alternate links ef the 
relay, Starting at Station l., frequency fy may be one 
of the general service frequencies and is picked up at 
the first rolay station. The intellisence is extracted 
and used to nodula te @ special relay frequency fo. This 
relay frequency does not then interfere with any of the 
other general ares channels but cecupies much the sane 
position in the deneral Switch Plan as a toll circuit 

- occupies ina telephone General Toll Plan. It is a 
Special throuzh circuit for the exclusive use of long 
distance traffic. This relay link is terminated at the 
_ Second relay station which delivers the traffic on an= 
other one of the general service chamels. | ay the use 
of one additional channel, the system has been extended . 
throuzh two relay points. ith two relay channels, the 
system could be extended indefinitely (until limited by _ 
| signal degeneration), with ea reverse channel provided; or 
outgoing relay traffic can be sent on two channels from 
the seme area, and relay circuits may pass throush 
several sSenersal service areas without preempting chane 


nele reserved for local traffic. 


3. Rane of Syston 
The service area has been defined as a circle of 


25 miles diameter. This represents a constructive figure 


for the necessary ares. of communications for any in= 
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dependent command et sea. The actual service area is 
really not definable in geometric terms but is dependent 
upon the relative pesitions of the various stetions te 
the center of gravity of the system. But if each station 
can provide coverase of 25 miles radius, the coverage 
aren is then but 25 miles in diameter, for stations on 
the periphery of a 25 miles radius from the center of 


gravity will be then fifty miles apart and out of radic 


ransze., With uge of VEFeUHF equipment, the radio path 
cannot be reliably extended much beyond 25 miles end thus 
represents the technical limitation to the ranse of the 


syaten. 


‘The range of a radio link 1s dependent upcn two 
factors; the aooant of power in the transmitter, and the 
sensitivity of the receiver. Sut the sensitivity of 
receivers has reached the ultimate in that the random 
noise level sets the lower limit to the input sensitiv- 
ity. In the VHF-URP region, Figure 12 represents the 
threshold level of neise below which a receiver cannot 
go to detect weak signals. Below 300 mes. the man-made 
noise predominates, but above 300 mcs. 411 external 
noise gources have dissppeared below the internal noise 
sources of the receiver itself. At about 300 mcese there 


is a minimum of noise in the radio spectrum. 


Using the noise distribution Figure 12 and the well 


Figure 12, Noise vs Frequency 
-. Qgraphy 


Reproduce £ul1. Sealle 
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established eapirical formula 


Es a Sin(2 TT hghy} volte/neter 
Ta ) 2¢ 4 
where € is the field strength at the receiving antenna, 
@ is radiated power in watte 
hy is the heisht of the tranamitting antenna in 
meters 
hyp if the heilsht of the receiving antenna in 
meters 
' 2 is the wavelength in meters 
and dis the distance hetween transmitter and receiver 
in meters. = — - 
(It ia te be neted that thia formule is valia only sith- 
in the radio path horizon.) The ¢arrier to neise ratio 
at the receiving station can be calculated. In Fisure 13 


this has been done for a radio path length of 25 statute 
miles (2¢.4 nautical miles} and antennae heights ef 7O 


feet. Tor a given conficuration such aa this, the 
carrier to noise ratio rises at a rate of about 10 db. 
per octave. This is because of the decrease of effective 
antema area as a noise receiving device {noise remain~ 
ing substantially constant in field strength) whereas 
the carrier field strencsth increases with frequency to 
exactly counteract the decrease in effective antenna 
area. The curvature at the upper end is due to the 
sharp rise in noise level with frequency abeve 300 mes. 
The dotted curve represents ratios more nearly ebtain- 
able with actual receivers for above 300 mes. the 


receiver noise figure falls off at about the rate of 5 


VET EP. 


Figure 13, oft inti ve, Seouenity 


Reproduce full, Scale 
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db. per cotave or more. In plotting this curve the 
worst condition hes been aseumed as rezards te noise 
level, receiver noise figure, receiver band width, etc. 
A receiver band width of 10 ke. has been here assumed 
though only 6 or 7 ke. will be required for the proposed 
types cf service. Likewise the noise ievyel sssumed was 
“that for urban districts which have above medlan noise 
levels, The result is thet a eystem bullt on these corn-~ 
servative figures will operete better than required most 
of the time and will operate satisfactorily under even the 
moet difficult conditions, Phis creates a reserve of | 
“quality” against trouble from faulty equipment and pro- 


vides a margin for relay operations. 


The selection of as high a frequency as technical 

desisn is able to provide has several adventeces. 
) Reduced transmitter power requirements. _ 
} Small physical antennae permitting use of 

arrayo.s 
) Ample Band width available. 
) Low noise. 
} Fever anomolous propocation effects. 
From Fisure 13 it ean be seen that an optimum operating 
frequency would be at about 400-500 mcs., at which fre 
quency a 35 watt tranocmitter would provide the specified 
20 db. carrier to noise ratio. Because of the present 
frequency allocations of this band te aviation aids, 


radiosonde, and similar services as well as to military 
communications, it may be necessary to use a somewhat 
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lower frequency, say at 300 res. but only a slisht dif- 


ference in C/N ratic would recult. 


& Hedulation 

Frequency modulation has one quality es a communi- 
cation Link not to be found in amplitude modulation. 
¥uch has been argued about the noise reducing capabii~ 
| athens of frequency modulation but the real core of the 


matter has been somewhat underemphasized. 


fhe pest difficult problem in radio communications 
ig that of maintaining line levels constant regardless 
of weather, time, or varying seosraphicsal pesitions. 
¥ith amplitude forme of modulation, the signal to noise 
ratio of the receiver output is variable with distance 
ae the carrier emplitude decreases. Of the three attrie- 
utes of a radio Wave, amplitude is the most susceptible 
te distortion whereas frequency is the least susceptible 
to variation in the process of tranarmissicn,. Since 
frequency, unlike amplitude, is invariant with distance, 
then the gignsi level in a frequency modulsted carrier 
is indepensent of the radic path. This feature is very 
important in mobile communications where the radio path 
is continually chaning. The fact that the sicnal level 
in a frequency modulated carrier channel will remein 


eonstant makes it possible to assisn the circuit 4 


&T 


definite coefficient ani to enzineer the eystem exactly 


as thouth 1t were a wire Linc. 


he chief disadvantage of frequency modulated 
systema is ite susceptibility to interference, intentional 
on otherwise. The same capture effect, which makes fre- 
quency modulation so impervious to interference in fixed 
services such as bronécast, “orkn to its dissdvantese 
when used in movile services where it is apt to be in 
closer contact with unwanted carriers. If the wanted 
signal is as little as 6 db. stronser, the receiver will 
discriminate very heavily in favor of the wanted signal 
and the unwanted signal «111 not cause interferences. 
But if the metic is reversed, the unwanted signal will 
eaptura the receiver and block the circuite This is 
serious In shipboard installationa, for the spuricua 
radistion of transmitters on other chamela may enntly 
be 6 db. atronver than the incoming sisnal and thereby 
block the circuit. fith amplitude modulation, the in+ 
terfering signal must literally “drown out” the wanted 
picnal by sheer power and the amount of interference in 
the output is directiy proportional toe ratio of inter=- 
ference to carrier at the antenna. This is not so for 
frequency modulation, for there is an inprevezent factor 
operating in favor of the stronser siacnal, Unfortunate- 


“ly, the receiver ia umible to distinguish which signal 


is the wanted siunal, but merely renacte in favor of the 
stronger. . 


The many factors conrerned, when considereé in their 
entirety, tend to faver frequency modulation. The fact 
that, within the service area, the circuit coefficient 
remaing constant regardless of redio path promises more 
uniform ant stable communications with frequency modula-«- 
_ tion. But alse there are several other factors not to 
“be ignorea. With a given set of tubes, a frequency 
modulated transmitter may be operated to the full rating 
of the tube, an increase in power ef about ten percent. 
The modulation equipment ia neglisibic, for moduls tion 
may be performed at low levels and clasa ¢ amplifiers 


used theresfter. 


There is ne reason why the relay Links cannot, on 
occasion, empicy medium or hich frequency amplitude 
modula ted carriers for lone distance links without in 


any way affecting the operation of the local service. 


Having selected frequency modulation, it is time 
to consider the requirements of the types of modulators 


specified for service on this systen. 


The hishest frequency required to be sent is 3000 
eps. Both voice and fecaimile require this band width 
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though the lawer limit for voice ta 250 cps. and that 
for facsinile is about 2100 eps. For teletype, 1t is 
‘possible to use frequency BRift methods of modulation, 
. for frequency shift keying is closely allied to fre« 
quency modulation. fithout geing inte the technical 
details, it 1s possible to plisece any ef the three tyres 
of modulators upon the carrier within the seme band 
width and with the same frequency modulation deviation. | 
any ef the three may be placed upon the circuit alter= 
natively without any alterstion cof the equipment or the 
mode af operation of the circuit. Since this is a 
-broadesat system, there must be 4 prearranged operating 
procedure, for there ta no opportunity to talk back and 
forth on the circuit. It is expected thet teletype wid 
be the min service chamel with facsimile and velco 
deing used for special services. All stations #112 
ordinarily receive with teletypes on the line and will 
shift to the other forms only then directed. 


5. Seitching 

This entire system is dependent upon the euscessful 
design of the terminal sclecting and awitching equipment. 
Hany of the func tions required of the system can only be 
‘Gone by automatic switching and general employment of 
the traffic hentling techniques developed in telephony 


systeme. Yor flexitility and spest, it ie necessary to 


use both automatic and manual seitchins, with the auto- 


matic awitching doing the vast majority ef the ork. 


There are two requirements for this system; suto~- 
matic lockout of unwanted stations, and Privacy « The 
first can be provided by the use ef automatic channel 


selection at the sending stations so that the equipment 


| will never comect to a busy channel. The second re- 


7 quirenent ean be met by ecleetive dialiing connections 
nt the receiving atations. Selective diallins can be 
made most flexible; and calls may be dialled to comesct 
one atation, particular groups, cr the entire net eay 

be dialled, calling in all stations for a general cone 
ference. Any dialling combination desired ean be pre= 
vided such that every ship, every command, and every cone 
mand echelon could have separate call desisnations. in 
this way, the problem of channelins calls to the desired 
addressescs is automatically solved. A deatreoyer asquade 
ron commander could connect separately to any one ship 
within his command, connect separately to any one of his 
division commanders, or comeect te all of his division 
commanders collectively, or to any division as a whele, 
or te his entire squadron collectively, merely by diale 


ling the cerrect combination. 


tice a connection ts mede threush the automatic 
terminal, it is put up on the manual board of the enlled 


station. The four receiving channels are breusght out at 
this board, along with the epperances for the relay Link 
tranamitters and receivers. A4ls® apresring on this 
beard are all the substations of the tnternal systen. 

on incoming calls, the eonnection must be made through 
the switchboard (though if mey be patch connected for 
eny desired lenzth of time) to the internal system which 
#211 have its own desisn pattern to fit the needa of the 
particular ship or station. The only requirements on 
the internal system of the station is that it meet the 


external aystem with a match in impedence, Line level, 
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and frequency response characterietic. Seyond that, the 


systens are independent. Cn outsoins calls, the order 
is siven to the switchbesrd operater sho then connects 
the internal system to the external ay stem and diala. 


thon releane cf the dialling key, his work is done. 


The exact configuration or Isy out of the avitch- 
ing terminal is not important in this discussicn as 
long as the salient featuros of ite cperation are clear. 
The main points in its operation may be set forth in 
summary as follows = | 


1. The Channel Selector tests the cutput of each 
raceiver (with CCDAN) and will atop only on an 
idle channel. The atepping action of the selec- 
tor also selects the proser channel for the 
transmitter, brinze it te that channel, and pute 
4t on the air, The lost time between channel 
selection and transmitter tune up cust be small. 
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If the selector finds no idle channel, it will 
atep alons to a busy connection, and sive a 
BUSY indication to the operstor. The above 
sequence of operations is activated by the ine 
sertion of the inout connection in the board. 


2, The operator dials the desired atation. The 
fact that there is now a carrier on the air pree 
vents interference ty any. other station inadver~ 
tently attempting to use the channel. This. 
provides lock out of other stations. An emer= 
geney provision could be meade that the cperstor, 
by closing an emergency switch, could cause the 
channel selector -to connect to the first channel 
in its course, ard the transmitter then be 
energized. The operator could then break-in 
and direct the channels be cleared for emergency 
treffic. This detail weulé be quite difficult, 
and ghould be unnecessary. 


3. The inceomines sisnel operates the COPAN which 
commects to the selective rinzer. The dial 
pulses operate the rinser and connect the receiv- 
er output throvuch toe the manusi beard. The op- 
ede ansters the indicator lisht by connecting 

a teletyne reperfcrater and aweits further con=- 
necting instructions. Ee may be inetructed to 
cornect through to seme particular eubstation, 
or he may take the entire message on his reper< 
forator and then retranemit on the internal 
eystem for delivery and routing. . 


4, The reley links are brought out entirely inde- 
pendent of the rest of the terminsl and is 
handled cn a full manual basis. ‘Supervisory 
simals may be by voice, cr by selective tones, 
from the sending operator. 


6 Future Planning 
| This systen has been built on the unit of four | 
Ghannels which is also the normal number of shipa in a 
tactical division. €: independent maneuvers, esch ship. 
in a division coulda thus preenpt one channel and provide 


full duplex operation. There is no reason, however, 
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why switching provisions for, say, ten channels should 
not be built inte the By atest eo that it is merely neces~ 
Bary to add ancther transmitter and four receivers in 
order to double the systen onpacity. laree ships and | 
commands might even have eight channels while the smeller 
units have but four. The channels would be split at the 
“manual hoard so that the large unite could use half the 
facilities for comunicontions amons themselves, reserv- 
ing the other channels for the emeller units, which, 
thoush greater in number, do not orizinate go much traf- 


fic. 


VI. CONCLUSIONS 
fhe successful syotene designer must have three 
attributes. 

le Technical knowledse of the possibilities 
ang limitations of electronica te perform 
required tasks in the projected systens 
Plane 

2o Cperational knowledce of the requirements 
ef the particular service te be served 
coupled with a complete understandings of 
the philosophy and structure of comzunica- 
tions, 

3, Imagination. 

The principles of systems design are very broad and 
defy strict classification. This is due in part to the 
many diverse purposes of cormunications systems and in 
part to the fact thet any particular problem may be 


. successfully solved in severnl different ways. Ft is 
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the attribute of imasination on the part of the engineer 
that enables him to devise and select the best solution 
for incorporation into the particular syaten under cone 
sideration. It misht almoat be said that the only really 
general principle of systems design is attention to 
minute details in synthesizing the solution, and strict 
adherence to the hishest, most exacting stendards of 
engineering design consistent with the economic consid- 


erations of the problem. 


TABLE I 


thin table is not intended toe be definitive in ali 
the technical sspects of medulaticons and modulators, 
but is meant to provide ealient information on the pare 
ticular aspects affecting syatem desizn. 


yoice telephony Ssectrum: 250-3000 cps. The human 
volce is. a complex of the frequencies 
from 160 to 10,000 aps. but adequate 
quality ia provided usins only the band 
25083000 ope. The power of the voice 
resides in the low frequencies whereas 
the intelligence ie modulated in the 
hisher frequencies. The noreal power 
level of the voice is about 160 db. 
below 1 watt/ saqusre centimeter, 81th 
& variation of plus or minus 10 dh, 
betwaen the atrons and wear talkers. 
Converted into electrical enerszy by 
standard microphones, thease levels cor- 
respend to normal Line levels of sbout 
~4& Gbm. with a sprerd of plus er minus 
3 ab. between atronz and weak talkers. 
Peake of the crder of 8 to 10 db. above 
the norm may be caused by broad vorel 
pounds which have hish power content. 
A volee to noise ratio of 6 db. Ie the 
fininous ratio for marginal intelligi- 
bility and 135 db. should be the mini- 
tum allowable for engineering purposes. 


Manual 
telegraphy Spectrum: 0-50 cpa. Telesraphy is a 

direct current sisnallins system where- 
in the current is interrupted in con- 
formity to an intelligence code. The 
trangient harmonics zenersted by the 
keying are a function of the keying 
speed. If tone modulation ia used, the 
spectrum is thet of the tone, plus and 
minus the keying spectrum. The sverage 
telesrapher can echieve a apeed of as 
much es £5 or 30 net vords per minute 
for short perlods, though 15 - 20 net 
words per minute fe the ususl averase 
for lons perteds. (et werds per nine 
ute is based on words of text per mine 
ute of circuit time. The tice consured 


&utomatic 
telegraphy 


Setenrinter 


Facsimile 
Black & White 


in headings, addresses, and cperating 
instructions is charged as circult 
time.} However, manual telesraphy has 
the advantage of being able to cperate 
under marginal conditions when all 
other systems are bianked out by noise. 


Spectrum: 0-300 epa. Hich speed vorse 
code sent from prepared tapes and re« 
corded automatically on inked tapes. 
Provides a positive record of traffic, 
eliminating the pseycholosical effects 
om the receiving operator. Cperstes at 
hich speed {300-400 net words ner mine« 
ute). Experieneed parsaomnel still re~ 
quired for operation cf equipment and 
tranecription of messazes from receive 
ing tape. 


Spectrum: O-23 ops. eyboard printing 
operntiona are converted into direct 
current telegraphic code siansils for 
transmiasion on wire or radio links. 


 ‘Feyboard operations can also be mide te 


prepare tape for automatic sending, or 
operate other machines to print message 
in page or tape form. Has advantage 
cver cther forms of telezrephy in that 
transcriotion from code is done autoe~ 
matically by the machine and no exper~ 
fenced versonnel are required to trans~ 
eribe text. Inexperienced personnel 
ean achieve speeds of 20-25 net words 
per minute in keyboard sending while 
tape sending is eat a standard aneed of 
about 50 net words per minute. (60 
words per minute sendins speed.) 


Spectrum: O-500 cps. {dependent upon 
definition). Will transmit printed 
page copy or line drawings. Scanning 
of copy determines whether black or 
white sisnal is to be sent and aystens 
operates in an oneoff manner. Speeds 
of as hich as 300 werds per minute may 
be obtained when sending from the best 
eopy (clean black print) and photo- 
graphic wethods of recording are used. 


Facesinile 
Nalf tone 


Felevision 


Ordinary sceed from typewritten copy 
and direct recordin: is nearer 50 net 
vordsa per minute. One dissdvantage of 
facsimile is that the quality of re- 
eelved copy cannot be resenerated at 
relay points except by preparing new 
orizinsls. On the other hand, face 
Simile records the actual received 
signal permitting reconstruction of 
text destroyed by noise. This differs 
from teleprinter which makes an inter 
pretive decision as to the incoming 
Sisnal and then prints a charneter. 
The teleprinter cannot discriminate 
excerpt asainst impessible code combina- 
tions. If noise siters the apparent 
ecde, the teleprintor will print what 
4% thinks it receives, not that #hich 
ie actually received. Pecause of thia 
factor, facsimile can operate under _ 
more sdverse noise conditions than 
teleprinter. 


Spectrum: 92000 cps. Transmission 
requirements are much more otringent 
for half tone printing than for any 
other tyre of cormuniaation circuit. 
Line levels must be kept within 1 db. 
during transmission and delay distore 
tion sust be less than 3 milliseconds. 
Varintions in line level #i11 chanze 
the picture contrraat and change the 
level of black and white. Yariation in 
4eley will cause the formation of 
"ghosts" and shadove. 


Spectrum: 04,000,000 cps. [Depend-~ 
ent upon definition). Television ia 
essentially hich speed facaimile using 
transient recordings on a cathode ray 
tube, enabling 14 te transmit moving 
scenes. The velue of television as a 
pure coOsmunication system is proble- 
ratical because, for just communica= 
tion sork, it does nothings that other 
aysteme don't do better. It may have 
limited usefulness in intelligence 
conminications and for breadeasting 
fast movins operations (such as a CIC 
plot in combst operations.) The 


extremely hish quait te circuits re- 

. quired for televizion de net ee 
returns commensurate 1 th onerey and 
equipment. required. 


 Yoguia tio 


amplatnce nodulation. 


Prequency module tion. 


The anplituds of the enlitted 
carrier is varied in accordance 
ith the modulator signal. Fax- 
team moduletion amplitude is 
equal to the carrier ampli tude 
shich makes the circuit net ions 
variatle eith distance. The 
gideband enersy le supplied by 
the meduister system ang amounts 
te £56 of the carrier power at 
LOO modulation. For siven tube 
size, the cartier pover, when une 
modulated, must net be more than 
80% of power capabilities of 
tubes. Noise hes a predeminately 
amplitude charncteristic eo thet 
applituie moduletion systema are 
inherently unsble to alserininate 
agpinet nelise. 


The frequency of the cerrier ia 
ghifted in secordente with the 
moduleted intelligence, The am- 
plitude of the carrier is not 
aitered except as incident to the 
frequency modniation procest. 

Tull modulation ta an arbitrary 
éesian definition dependent upon 
system requirerents, and may be 
gent at any level. Cvernedulation 


‘hes no meaning except a5 & design 


éefinition, Noduletion level is 
indevenient of certicr somplitade 
and thus independent of racio 
path. Wodvlator need supsiy ne 
poser to the side bands for side 
band porer is derived at. the eae. 
gbenae of the vecelicigel PORars The 
cutout tubes in an FE i Sransmitter 
thus may be Groraten. ‘al ware at 
full cutout power rating. _ BF 
Liniter action in the reac iver, PE 
discriminates agcinst noise. 


Phase modulation, There ta no pigaicicant difference 
oe between FE and phase modulation in 
_ Operational aspects. The main dif- 
ferences are of technical aignifi~ 
eance only. 


Pulse modulation. . Pulee modulation is wisentiaxis & 

ee ee form of amplitude modulation since 
the carrier is firet pulse modula+ 
ted and then the pulses are -thene 
selves modulated in aceordance vith 
the modulater intelligence. Since 
the receiving equipment is serei- 
tive only to the particular modula- 
tion on the pulse, and not to the 
modulation of the carrier itself, Li 
is insensitive te the yartous types 
of distortion which affect the 
carrier. Pulse modulation can be 
achieved in four ways. 


1. anplitude-amplitute of pulse 
varied as in criinary carrier 
anplitule modulation. 

Se time - position of pulae in time . 
is varisd about the sverage or 
mean position. Ie lixe phase 
modulations 

3» Width - the duration of the prise 
ia varied with modulation. 

4 “ocbers = the number of pulses 
@hich ocour in a unit. interval 
- time ia varied with modula 
ticn, 


The chief advantaxes of pulse mode 
wlation are {1} the high peak power 
level possidle in pulee technique, 
{2} vcossibilities of olirping to 
eliminate noise, (3) multiplexing 
by time sharing of carrier sinee no 
channel needs the carrier lonzer 
than for its pulse to be reciatere 
ed, The band width of the sy atem 
varies inversely with the pulse 
Length and for a 1 wicrosecend pulse 
is about 2 mezacyoales. At the 
present state of the art, direce 
tive srrays are necessary to com 
sentrate the power towards the 


receiver. Tor this reason pulse 
moduletion ayatems are not sulted 
to naval communications. — 
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